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Q U I L L  O N  S C A L P E L  This section
provides a medium through which Canadian 
surgeons can declare themselves, briefly and in­
formally, on the day-to-day affairs of surgery.
NEW DIRECTION FOR THE 
JOURNAL
From the time of its establishment in 
1956, the Canadian Journal of Surgery 
has been a child of the Canadian Med­
ical Association, of which C.M.A. Pub­
lications is the editorial arm. The con­
solidation of all C.M.A. activities at 
C.M.A. House in Ottawa requires the 
transfer of the Canadian Journal of 
Surgery staff and editorial operation 
to Ottawa to join the parent organiza­
tion. This transfer will be completed by 
July 1, 1972. It happens that this move 
coincides with the resignation of the 
present Chairman of the Editorial 
Board. These circumstances have led to 
a reappraisal of the editorial organiza­
tion of the Journal and to certain deci­
sions by the Board.
In the future the Journal will be 
edited by surgeons. Two members of the 
Editorial Board, Lloyd D. MacLean and 
C. Barber Mueller have agreed to share 
this responsibility as co-editors. Both 
have demonstrated a very active in­
terest, not only in the Journal itself, but 
also in the broad topic of medical writ­
ing as an educational exercise for both 
the writer and the reader. The Board 
is gratified that these two distinguished 
surgeons will guide the future develop­
ment of the Journal. Dr. MacLean has 
been elected Chairman of the Editorial 
Board.
Dr. J. 0. Godden has for long served 
as Editor of the Canadian Journal of 
Surgery. It was with great regret that 
the Board learned that his services will 
no longer be available to the Journal. He 
has been tireless in working with our 
contributors to improve the quality of 
their manuscripts, and in so doing has
salvaged many submissions in which 
the material was valuable but the pre­
sentation required revision before pub­
lication. His enthusiasm has stimulated 
much interest in medical writing among 
Canadian surgeons.
Dr. A. W. Andison, Associate Editor 
of C.M.A. Publications, will be respons­
ible for supervision of the editorial 
material in the future.
The Editorial Board is gratified that 
our Assistant Editor, Mrs. G. Pancirov, 
has agreed to move to Ottawa to con­
tinue with her present duties. The ex­
perience which she has gained over the 
past six years will do much to ensure a 
smooth transition without interruption 
of publication.
F. G. K ergin
PRESENT STATUS OF 
MYOCARDIAL 
REVASCULARIZATION —
A CRITICAL APPRAISAL
The practitioner’s prescription, pre­
sented by the patient to the consulting 
cardiovascular surgeon, read “ for coro­
nary bypass grafts using reverse 
saphenous vein” . Ridiculous? Not quite. 
The publicity generated by direct myo­
cardial revascularization has stimulated 
a remarkable surge of interest into the 
surgical management of coronary ath­
erosclerosis over the past three years.
How common is this disease? Which 
patient should undergo investigation? 
What operation should be performed? 
Clear-cut answers to many of these 
questions are not yet available but are 
beginning to emerge.
Coronary atherosclerosis is exceed­
ingly common. In 1970, over 600,000
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myocardial infarctions occurred in the 
United States with an early mortality 
rate approximating 70%. Follow-up 
studies of the survivors predict a mor­
tality approaching 50% within five 
years of the infarct. Statistics suggest 
a similar mortality within five years 
of the onset of angina. One must also 
consider the profound impact of coron­
ary artery disease, both physically and 
psychologically, on the life and earning 
power of the patient.1"5
Despite these statistics, the natural 
life history of any one individual patient 
with coronary artery disease is still dif­
ficult to predict except on the basis of 
probability. By selective coronary cine- 
arteriography and study of left ventri­
cular function, the extent of the disease 
and its effect upon the myocardium can 
be accurately demonstrated. Such stud­
ies entail an overall risk of under 0.4% ; 
about 0.1% when patients with poor 
ventricular function are excluded. Thus, 
in order to accurately correlate patho­
logy, symptomatology and natural life 
history, it would be ideal to catheterize 
all patients who have had an infarct or 
who may have angina. Limitations of 
facilities, personnel and time will not 
allow this at present. As a result, these 
studies are only carried out in patients 
with symptoms of disabling angina or 
those in whom an accurate diagnosis of 
chest pain must be made. Even after 
investigations of this “ limited” patient 
population, only 40% are operated 
upon. The remaining patients are us­
ually shown not to have coronary artery 
disease, are found to be inoperable be­
cause of extensive muscle damage, or 
are managed conservatively.
At present the indications for sur­
gical intervention are still not well de­
fined. Available operations are palliat­
ive rather than curative, and, therefore, 
only patients disabled by angina pec­
toris are usually accepted for surgery.
Two basic techniques have been de­
veloped for myocardial revasculariza­
tion. The internal mammary artery 
implantation operation, introduced by 
Vineberg, has now been used for over
20 years. The other technique, develop­
ed by Johnson,6 in Milwaukee, and Fa- 
valoro and Effler,7,8 in Cleveland, has 
been used for three years. It makes use 
of a reverse saphenous vein to bypass 
the occluded or stenotic coronary artery. 
Despite its short history it has been 
primarily responsible for the recent 
tremendous interest in the surgical 
management of coronary atheroscleros­
is. The true place of the bypass opera­
tion in the management of coronary 
disease will not be established until a 
longer follow-up becomes available. It 
is unfortunate that, in many centres, 
it has totally replaced the well-estab­
lished internal mammary operation.
In the past three years, direct saphe­
nous vein bypass grafting has been un­
dertaken at the Toronto General Hos­
pital in over 230 patients. The mortality 
rate is under 5% and early graft pat­
ency varies from 85% to 90%. Follow­
up studies extending from six months 
to 23A years demonstrate that approx­
imately 85% of the patients have 
symptomatic relief from angina. Be­
cause of early or late occlusion of the 
grafts, attempts to bypass some severely 
diseased vessels are no longer made. 
We have also found that patients with 
extensive myocardial scarring and poor 
ventricular function have shown only 
minimal clinical improvement and 
should probably not be operated upon.
The bypass operation itself is appeal­
ing because it offers immediate restor­
ation of flow in an occluded or stenotic 
coronary artery. Some patients have 
been shown to develop late thickening 
of the intima of the graft with resultant 
occlusion. Always, the progressive na­
ture of coronary atherosclerosis must be 
kept in mind and caution exercised in 
overenthusiastic endorsement of this 
operative procedure.
The indirect techniques of revascul­
arization, popularized by Vineberg, can 
be undertaken with risks comparable 
to those of direct revascularization. 
While many have questioned the logic 
of the procedure—burying an artery 
into the myocardium and having it de-
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velop collateral flow to the coronary 
circulation—there is abundant statis­
tical evidence that, with correct surgical 
technique, this does take place. Seventy 
to eighty per cent of these patients are 
improved, although this is often delayed 
until the collaterals have developed. The 
immediate results therefore may not be 
nearly as dramatic as with the direct 
form. However, if the collaterals de­
velop, this procedure has been shown to 
provide relief of angina and prolong 
life.
In summary, the present state of 
knowledge concerning the natural life 
history of coronary atherosclerosis, as 
well as the place of surgical manage­
ment, is by no means clear cut. Specific 
guidelines for the management of the 
individual patient vary from centre to 
centre as does the choice of direct versus 
indirect revascularization. Indeed both 
procedures may be carried out simulta­
neously. Only by careful prospective 
studies on statistically significant num­
bers of patients can the answers be 
found. As no single centre can be ex­
pected to provide sufficient numeric 
data, a Canada-wide study is presently
being organized under the auspices of 
the Canadian Cardiovascular Society.
A l a n  S. T r im b l e  
H a r o l d  E .  A ld r id g e
C ardiovascular Unit,
Toronto G eneral Hospital,
Toronto, Ont.
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H I S T O R Y  OF S U R G E R Y
CURIOSITIES OF MEDICAL EXPERIENCE
A. D. KELLY, M.B., D.Sc., LL.D.,* Toronto, Ont.
“ No consideration should render man 
more thankful to his Creator and justly 
proud of the progress of human intellect 
than the perfection to which the art of 
surgery has been carried.”
The reader could be forgiven if he at­
tributed this resounding statement to 
the Surgical Lecturer or Medallist at 
this year’s meeting of the Royal College, 
but he would be wrong. It is a quotation 
from the second edition of “ Curiosities 
of Medical Experience” 1 published in 
London in 1839.
The author, John Gideon Millingen, 
M.D., M.A., identifies himself as “ Sur­
geon to the Forces; Resident Physician 
of the County of Middlesex Pauper 
Lunatic Asylum at Hanwell; Member of 
the Medical Society of the Ancient Fa­
culty of Paris; of the Medical Society of 
Bordeaux; and author of ‘The Army 
Medical Officer’s Manual’, &c.” He was 
born in London in 1782 and died there 
in 1862. As a child he lived in France 
during the revolution and later obtained 
his medical qualification at the Ecole 
de Medecine, Paris. From 1802 to 1823 
he served as surgeon in the British 
army, in Egypt, in the Peninsular cam­
paigns, at Waterloo and in the West 
Indies. His subsequent career in psy­
chiatry was rivalled only by his literary 
output, which ranged from plays, to 
novels, to reminiscences, to popular ex­
positions of medical topics. In addition 
to “Curiosities” I have skimmed his 
volume, “ The Passions, or Mind and 
Matter” , published in 1848. Borrowed 
from the William Boyd Library of the 
Academy of Medicine, Toronto, this 
copy carries added interest because the 
flyleaf is signed “ Jos. Workman, M.D., 
1856” . Joseph Workman,2 a distinguish­
ed leader of Canadian medicine, was 
President of The Canadian Medical As­
sociation in 1877, and in 1881 was the
*5 Edmund Gate, Toronto 190, Ont.
first President of the Ontario Medical 
Association.
“ Curiosities” , which apparently en­
joyed great success, was written in the 
florid style that was popular in the ear­
ly nineteenth century. In its format 
the author followed Disraeli’s “ Curiosi­
ties of Literature” , and took much of 
his information from “Le Dictionnaire 
des Sciences Medicates” . With its over- 
long sentences, its qualifying clauses, 
its classical references and its ponder­
ous philosophy, this book is not easy 
reading. Such sentences as the follow­
ing place a great strain on the reader’s 
comprehension: “ Locke has justly ob­
served that the faculty of reasoning sel­
dom or never deceives those who trust 
to it; its consequences, from what it 
builds on, are evident and certain; but 
that which it oftenest, if not only, mis­
leads us in, is, that the principles from 
which we conclude, the grounds upon 
which we bottom our reasoning, are 
but a part— something is left out which 
should go into the reckoning to make 
it just and exact.” Despite handicaps 
such as this, and gaps in their classical 
education, many surgeons may find 
much that interests them among the 73 
topics which range from Obesity 
through Phrenology, Love Philters and 
Potions, to Flagellation and Enthusi­
asm.
Professional Committees on Tariff 
might note with interest that the stand­
ard charge in London was one guinea 
for a house call and that physicians 
were advised to collect it on the spot. 
This early exercise in patient participa­
tion is well justified: “ Such is the per­
versity of our nature, that the remunera­
tion given with the greatest reluctance 
is the reward of those who restore us, 
or who conscientiously endeavour to re­
store us to health.” Of course, the pa­
tient had available to him the altern­
ative services of the apothecary whose 
lower rates also included the pharma-
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ceutical benefit. Senior physicians who 
have accepted in the past a bushel of 
apples in lieu of a fee will view with 
sympathy the following- arrangement: 
“ A dentist has been known to propose 
to take care of the jaws of a whole fam­
ily to liquidate his wine bill,” and 
modern health care economists might 
ponder the statement: “ When we com­
pare the value of money it appears 
probable that the fees of older practi­
tioners were more considerable than the 
remuneration of the present day.”
The article on longevity presents 
some fascinating facts, figures and 
fancies. The author quotes Dr. Caspar 
of Berlin on the “ medium duration of 
life” in the ye'ar 1835: Russia 21 years, 
Prussia 29, Switzerland 34, France 35, 
Belgium 36 and England 38. Medium 
longevity by occupational classes de­
clines from clergymen at 65 to medical 
men at 56. Medical authors, however, 
live to be 68, which suggests that phy­
sicians should get their manuscripts 
into print, but if their output is in verse, 
they should be cautious, because poets 
die at the average age of 51. Although 
detailed mortality statistics were not 
available, he quotes an interesting tabu­
lation from France on murder as a 
cause of death. The methods of homicide 
are itemized and figures on capital 
punishment are provided, but of greater 
interest is the list of apparent motives 
covering the years 1826 to 1829; reven­
ge, hatred and other motives lead fol­
lowed by cupidity, domestic broils, 
jealousy and debauchery, with adultery 
in fifth place. The shocking rates of 
infant mortality are obliquely referred 
to, and such factors as climate, race, 
prematurity and nutrition are assessed. 
The learned author sums up the human 
situation very neatly. “ The tenure of 
life depends upon the sum of vitality 
originally deposited, and on the extent 
of our drafts upon this capital, which 
we too frequently exhaust by untimely 
expenses.”
Most moderns regard enthusiasm as 
an admirable quality, but the psychia­
trists of the early nineteenth century
classified it as religious mania. “ Curio­
sities” devotes 15 pages to the discus­
sion of enthusiasm from Plato’s clas­
sification of The Poetical, The Mystic, 
The Prophetic and the Enthusiasm of 
Love, to the views of more modern me­
taphysicians and ecclesiastics. Millingen 
advances fanaticism as a synonym, say­
ing “thus it is with enthusiasm, a mala­
dy which in its dreadful progress has 
been known to become contagious, one 
might even say epidemic” . One explana­
tion of this disability was possession by 
a god, but he quotes Locke as consider­
ing it a heated state of the imagination 
“ founded neither on reason or divine 
revelation, but arising from the con­
ceits of a warm or overweening brain” .
Would you like to know about The 
Plague, particularly the plagues visited 
upon the Israelites? It’s all here in 20 
pages of stately prose. Pollutionists con­
cerned with the medical effects of water 
please refer to page 252, and if you are 
interested in the inhumation of the dead 
in cities, the reference is page 54.
Coffee is considered as a possibly 
valuable addition to materia medica or, 
alternatively, as a dangerous habit­
forming drug. No penalty for simple 
possession or indeed for pushing, seems 
to have been established despite the 
Woman’s Petition Against Coffee, an 
early manifestation (1674) of the li­
beration movement. This protest states 
“ It makes men as unfruitful as the de­
serts whence this unhappy berry is said 
to be brought, so much so that this o ff­
spring of our mighty ancestors would 
dwindle into a succession of apes and 
pigmies.”
These trivia aside, what was the state 
of surgery when Millingen bestowed 
the accolade quoted at the beginning of 
the paper? In his essay, “ Barber-Sur­
geons and the Progress of Chirurgical 
Art” , he traces surgical development 
through the rigid specialization of an­
cient Egypt, to the early Roman period 
where, “ by one of these singular anom­
alies in public opinion, this supposed 
divine science was soon considered an 
ignoble profession” to be practised by
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slaves, freedmen and foreigners. With 
the rise of the church in Europe, sur­
gery and medicine became the exclusive 
right of ecclesiastics. They could not 
hold it, however, and, in the face of the 
edicts, bulls and canons of a succession 
of popes, the technical aspects of the 
craft were turned over to servants and 
barbers who were essential in the ton­
sured establishment. At least three cen­
turies of strife, dissension, turmoil, 
bickering and vindictive persecution en­
sued among clerical physicians, lay phy­
sicians, master surgeons and barber 
surgeons. Alliances were frequently 
changed to gain advantage and all dis­
played cynical self-seeking. Millingen 
reports that barbering and surgery had 
not become entirely separate in his day. 
“ So late as the year 1809, one of my as­
sistants in the Portuguese army felt 
much hurt at my declining his offer to 
shave me.”
Millingen, however, is not immune to 
prejudice and bias in his strictures 
against the apothecaries “ who must 
have obtained experience in the lessons 
taught by repeated failures in their early 
practice . . . these men live by selling 
drugs, which they unmercifully supply, 
to the material injury of the patient’s 
constitution.”
In Britain the schism in surgery was 
exemplified by the guilds and by the 
recognition, in the capital, of the Wor­
shipful Company of Barber Surgeons 
and the Company of Surgeons. The latter 
had been translated into the Royal Col­
lege of Surgeons of London in 1800 by 
a charter from George III, but not until
43 years later did the word England 
replace London. The Royal College had 
given new respectability to cutting and 
sewing, the practitioners of the art or 
craft had almost acquired parity with 
the physicians and they were trained 
and educated men. It is authoritatively 
stated that war continued to be the 
great school for the surgeon,3 and a high 
proportion of the leaders of the field 
had military experience.
The period of the late eighteenth and 
early nineteenth century saw great sur­
gical contributions to anatomy and 
physiology, and provided the firm basis 
for subsequent development of the chi- 
rurgical art. The roster of great ones of 
the day must include John Hunter, John 
and Charles Bell, Astley Cooper, Lar- 
rey, Dupuytren, Roux, Abernethy, 
Colles, Syme, Key, Brodie and Mc­
Dowell. However, Morton, Simpson, 
Pasteur, Semmelweis and Lister had 
not appeared on the scene with their 
discoveries which revolutionized the 
practice of medicine.
Millingen ends on a lofty note: “ Thus 
we find that the high state of perfec­
tion which the surgical art has attained 
is solely due to the efforts of industry 
to free itself from the ignoble trammels 
of bigotry and prejudice.”
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CLAU D E C. ROY, M.D., F .R .C .P .[C ], G ILLES P E R R E A U L T , M .D., F .R .C .P .[C ], 
P IE R R E  PA U L CO LLIN , M.D., F .A .A .P ., F .A .C.S.,
JE A N  G. D E SJA R D IN S, M.D., F .R .C .S .[C ], F .A .A .P .,
D EN ISE L A P E R R IE R E , R.N. and LO U ISE SOUCISSE, R .N ., M ontreal, Que.
During the past 13 years (1957 to 
1970), esophageal replacement was car­
ried out in 18 children at Sainte-Justine 
Hospital in Montreal. Fifteen of them 
were followed clinically and radio- 
logically for periods ranging from six 
months to 13 years (mean six years). 
The main purpose of this paper is to 
shed light on some of the complications 
and other problems that may attend 
this form of treatment.
M a t e r i a l  a n d  M e t h o d s
Of the 18 children operated upon, six 
were boys and 12 were girls. At the time 
of replacement, their ages varied from 
4 months to 6 years, a mean of 2 years, 
and their weights varied between 10 lbs. 
and 45 lbs., a mean of 22.5 lbs.
The indications for esophageal re­
placement were congenital or acquired 
lesions of the esophagus incompatible 
with normal feeding (Table I). Five of 
the children with esophageal atresia had
TABLE I.— Indications for Replacement
No. of
Indication children
Esophageal atresia without tracheo­
esophageal fistula...................................  8
Esophageal atresia with tracheoeso­
phageal fistula and a wide gap between
segments..................................................  3
Repaired esophageal atresia followed
by intractable stenosis........................... 1
Repaired esophageal atresia with com­
plete breakdown of an astomosis..........  1
Intractable lye strictures....................... 5
18
■'From the Departments o f  Pediatric Surgery, 
Pediatrics and Pediatric Radiology, Sainte- 
Justine Hospital, and the University o f  M ont­
real, Montreal, Que.
Presented, in part, at the first scientific m eet­
ing o f  the American Pediatric Surgical A s ­
sociation, Bermuda, April 22-24, 1971.
Supported by a grant from  the Service des 
program mes conjoints du Ministere de la San- 
te federate et provinciale, project 604-9-362.
major associated congenital malforma­
tions involving the heart and great ves­
sels and/or the distal gastrointestinal 
tract, and/or the genitourinary tract.
TABLE II.— T ypes of R eplacement Performed
Reversed gastric tube...................................
Jejunal isoperistaltic segment....................
Ileocolic isoperistaltic segment..................
Right colon isoperistaltic segment............
Transverse colon antiperistaltic segment.
Table II lists the types of replacement 
performed. All the patients in whom 
colonic bridging was used had a pre­
operative barium enema to assess the 
anatomic and functional integrity of the 
colon. The colonic transplant was pre­
pared by washing it out with normal 
saline or a 1% neomycin solution, 48 
hours before operation.
A retrosternal tunnel was created in 
the 18 patients. The blood supply of the 
transplants was as follows: reversed 
gastric tube—left gastroepiploic artery 
and vein; jejunal segment—third and 
fourth straight branches of the superior 
mesenteric vessels; and colic and ileo­
colic transplants—the middle colic ar­
tery and vein.
The intestinal transplants and their 
vascular pedicles were placed behind the 
stomach. The gastrointestinal anasto­
mosis was made at the level of the gas­
tric antrum. With respect to cervical 
anastomosis, 12 children had a primary 
anastomosis and six had a cervical 
stoma of the transplant, which was fol­
lowed by secondary anastomosis seven 
to 33 days later. The distal esophagus 
was left in place in all patients.
R e s u l t s
Complications
Fatal complications.— Of the 18 pa­
tients operated upon, one died 24 hours 
after operation of extensive thrombosis
4*
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O 
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TABLE III. — Non-Fatal Complications R elated to the T ype of T ransplant
Gastric
(2)
Jejunal
{4)
Colic
GD Total
Cervical anastomotic leak and fistula.................. 2 3 7 12
Cervical anastomotic stricture necessitating 
dilatation and operation........................................ 2 3 6 11
Complete rupture of cervical anastomosis........... — — 1 1
involving the superior mesenteric and 
portal veins. This 21/>-year-old patient 
had a right colic interposition for irre­
versible lye strictures. Autopsy did not 
demonstrate any vascular abnormality 
that would explain this catastrophe.
Non-fatal complications (Table III).
(a) Anastomotic leak and stricture.— 
The most common complication related 
to the transplant was a cervical an­
astomotic leak and fistula. Twelve pa­
tients with either a primary or second­
ary cervical anastomosis developed an­
astomotic leaks less than 24 hours and 
up to 10 days after operation. Most of 
the anastomotic leaks closed spontane­
ously between two and six weeks but 
two patients required cervical explora­
tion for fistula recurrence.
Nine of the 12 patients with cervical 
anastomotic leaks developed a stricture. 
Two more patients who had no leak had 
progressive stenosis. In three of the 
nine patients the stricture was not at 
the level of the cervical anastomotic line 
but below it, at the upper border of the 
sternal manubrium, suggesting that the 
transplant was compressed as it passed 
through the thoracic inlet. Two of these 
three patients were the youngest ones 
in the series. These strictures developed 
between four weeks and six months af­
ter esophageal replacement.
Two strictures required surgical re­
vision and reanastomosis. Four more 
children had surgical revision of their 
cervical anastomosis in order to free the 
anastomosis and permit the endoscopist 
to pass a string for further dilatations. 
Six patients had a total of nine revi­
sions of their cervical anastomoses.
Four children had a midline sterno­
tomy to lengthen the transplant after
resection of a cervical anastomosis stric­
ture. One patient had a wedge resection 
of the sternum to elongate the colon and 
widen the thoracic inlet after resection 
of a stricture.
The eleven children with stricture 
had repeated retrograde bougienage, 
varying from three procedures to 100. 
One child suffered a complete break­
down of her cervical anastomosis fol­
lowed by severe mediastinitis and shock. 
This complication followed an attempt 
to create a primary anastomosis in a 
right colic transplant whose blood sup­
ply appeared to be precarious.
(b) Gastrointestinal.— Four patients 
developed gastrointestinal complica­
tions that required surgical correction. 
One patient with a reversed gastric tube 
developed gastric outlet obstruction 
which was relieved by pyloroplasty. A 
girl with a right colon transplant suf­
fered a small bowel volvulus with ne­
crosis which required resection of eight 
inches of jejunum. One boy developed a 
double ileo-ileal intussusception some 
distance from the site of the jejunoje- 
junal anastomosis. It was reduced sur­
gically.
Diarrhea was common soon after 
operation but was usually self-limited. 
However, five out of 15 patients still 
have intermittent diarrhea. Two have 
this complaint 10 years and six years 
after operation; the other three have 
only gone one year. This complication 
does not seem to be related to the digest­
ive segment chosen, because it developed 
after a right colic replacement, an ileo­
colic segment, a reversed gastric tube 
and two transverse colon replacements. 
Significant malabsorption could not be 
demonstrated in any of these children.
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Melena was observed in three children 
two of whom required blood replace­
ment. The bleeding site could not be de­
termined.
(c) Respiratory.—All the children 
had some degree of respiratory dif­
ficulty after operation. These dif­
ficulties were usually relieved by 
physiotherapy, inhalation of mist and 
nasotracheal aspiration. However, three 
patients developed atelectasis, two had 
bronchopneumonia and one had pneu­
monia involving the right upper lobe. 
One patient required tracheostomy.
(d) Surgical wound.— One of these 
18 children suffered disruption of an 
abdominal incision. Four patients had 
abscesses in their abdominal incisions. 
Each of the 12 patients with cervical 
leak or fistula had some degree of local 
infection. P. aeruginosa and S. aureus 
were the two most commonly cultured 
micro-organisms.
(e) Miscellaneous.— The child who 
had a complete breakdown of her cer­
vical anastomosis developed sepsis and 
meningitis which was successfully 
treated. One patient suffered a neure- 
sensory hearing loss attributable to 
streptomycin and/or kanamycin. One 
girl is now being treated for aplastic 
anemia— Fanconi type. Her sister ap­
parently suffers from the same condi­
tion, but we took into account the fact 
that this patient had received chloram­
phenicol for four days.
F unctional  Results
Radiology.— In the 15 children fol­
lowed regularly we did cineradiologic 
evaluation of the esophageal substitutes 
periodically. Liquid barium was first 
given in the erect position— antero­
posterior (AP) and lateral—then su­
pine. An AP film of the chest was taken 
at the end of the examination.
In the standing position the barium 
passed readily from the pharynx and 
cervical esophagus to the transposed 
segment in all patients. The site of 
anastomosis, which could always be 
identified, was without any apparent 
obstruction. Distal emptying was slow
with the patient recumbent but rapid 
when the patient was erect.
At no time during the fluoroscopic 
examination was peristalsis seen in the 
transposed colon segment. The only con­
tractions seen were in the jejunal trans­
plants.
In the erect position, the transit time 
from swallowing to entrance of the 
barium into the stomach was always 
less than 60 seconds. Two children with 
redundant colon showed some pooling 
of contrast material at the diaphrag­
matic level, but emptying into the stom­
ach was rapid in the standing posi­
tion. In all cases of transposed colon, the 
barium seemed to pass into the stomach 
by gravity and overflow.
Retrograde reflux into the intra-ab­
dominal portion of the colon was easily 
demonstrated in all patients with a colo- 
antral anastomosis. No ulceration could 
be seen.
Gastric emptying was rapid in all 
cases except two. In only two children 
could the blind distal esophageal stump 
be outlined through reflux.
Clinical evaluation of transplant func­
tion.— The functional results of the 
transplants (Table IV) were assessed 
by a standardized questionnaire. One 
individual (H.B.) collected and inter­
preted the clinical data. Nine patients 
were classified as having good to excel­
lent results and six as fair to poor.
(a) Dysphagia.— Six children recently 
operated on have dysphagia for solids. 
In four, this may be due to the size of 
the gullet, while in the other two, it is 
probably caused by their inexperience 
in handling solid food. Curiously, one of 
the children who still has her gastro­
stomy for bougienage clearly prefers to 
be fed through her tube. Three older 
children complain of some dysphagia to 
solids when they eat too fast or take 
large bites of food such as apple, meat 
or bread. Three patients have occasional 
dysphagia for liquids.
(b) Regurgitation.— Nine children 
had regurgitation— the return of a 
small amount of food from the stomach. 
This occurs chiefly when the children
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TABLE IV —Functional Results in 15 Children Followed for Six Months to 13 Y ears
Good to excellent Fair to poor
Dysphagia None: 4
Occasional with large bites: 4 
Occasional with solids: 1
Chronic with solids: 3 
Occasional with liquids: 3
Regurgitation None: 6
Occasional with recumbent 
position: 3
Regularly in the recumbent 
position: 3
Occasionally or regularly in the 
sitting position: 3
Nocturnal choking with aspiration 
pneumonia
None None: 3 
Frequent: 3
Diarrhea None: 8
Chronic intermittent: 1*
None: 2
Chronic intermittent: 3 
Severe episodic: 1
Blood in stools None None: 3 
Occult: 3
*Patient with imperforate anus and rectal incontinence.
eat or drink too much at one time. They 
have this complaint primarily when in a 
recumbent position, but also when 
belching. Three children reported occa­
sional or frequent regurgitation in the 
sitting position.
(c) Blockage of food along the trans­
plant.— At least 10 of the 15 had one or 
more episodes of food blockage at the 
cervical anastomosis. The blockage was 
relieved by the parents of the younger 
patients or by the older children them­
selves. Eight of them occasionally have 
to apply pressure on their necks to help 
the forward movement of food. One pa­
tient was hospitalized twice for relief 
of this blockage by esophagoscopy. The 
principal food that produced this 
blockage was meat and apple.
(d) “Sink noise” and foul breath.— 
Thirteen children had distinctly audible 
borborygmi from the substitute. This 
was particularly disturbing in a quiet 
classroom and represented a social han­
dicap for some adolescents. The two 
children with a reversed gastric tube 
did not have this problem. Two children 
complained of foul breath.
(e) Recurrent pulmonary infections.
__Repeated lower respiratory infections
were recorded in three children, chiefly 
during the first two years after the re­
placement. But as time went on, respira­
tory infections seemed to decrease. Only 
three of the younger children had to be 
treated for such respiratory complica­
tions in 1970. These children had one or 
more episodes of nocturnal suffocation, 
probably because of reflux and broncho- 
aspiration.
(f) Peptic ulceration of transplant.— 
All patients were carefully screened for 
retrosternal or abdominal pain, and for 
chronic gastrointestinal bleeding. Care­
ful radiologic studies were carried out
Fig. 1.—Growth curves of five patients with 
esophageal atresia before and after operation. 
The hatched lines represent the tenth, fiftieth 
and ninetieth percentiles. Age and weight at 
which replacement was performed are marked 
by an arrow.
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Weight in Kg
Age in years
Fig. 2.—Growth curves of five children with 
a longer follow-up. The catch-up pattern is 
evident for two of these patients.
Weight in Kg.
on all patients with special attention to 
the three children with melena, but ul­
ceration was never found.
Effects of esophageal replacement on 
growth and development.— School-age 
patients have not undergone formal 
psychometric testing but their progress 
in school is satisfactory. Two of the pre­
school children had a speech delay 
which quickly resolved when they got 
back home after prolonged hospital 
stays.
As pointed out in Figs. 1 to 3, seven 
out of the 15 patients whose weight 
curves were plotted before operation 
weighed less than 2500 g. at birth. Ac­
tually more than 58% of the infants 
with esophageal atresia were prema­
tures. Their birth records did not in­
dicate whether their birth weights were 
appropriate for the length of gestation. 
In the pretransplant phase, most of the 
patients were tube fed through a gastro-
Fig. 3.—Growth curves of five children with a mean follow-up of 11.5 years. As time 
passes, the weight curve patterns improve although only two patients are above the fiftieth 
percentile.
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stomy, and therefore exhibited very 
steep weight curves. A marked decelera­
tion is seen for the first year or two af­
ter construction of the transplant. Sub­
sequently, however, they follow a catch­
up pattern. Only three patients were 
above the fiftieth percentile: one of 
them has only gone eight months since 
operation and is on a decelerating curve. 
Most children stand between the third 
and fiftieth percentile. Four patients 
are below the third but two of them 
were operated upon less than two years 
ago and are exhibiting a catch-up pat­
tern. Three children show a discrepancy 
between the developmental height-age 
and weight-age (not shown in the fig­
ures). Two of these have had excellent 
functional results but are still in their 
first two years after operation.
D iscussion
For the past two decades, esophageal 
replacement has been used to treat chil­
dren suffering from esophageal atresia, 
intractable esophageal strictures, or un­
controllable bleeding from esophageal 
varices.
This form of treatment has come of 
age but still carries a mortality rate 
varying between 4.8% and 50%1-5 and 
a high rate of serious complications.1,6 8 
The mortality rate in our series is 
5.5% ; however, the high morbidity rate 
(70%) secondary to early surgical com­
plications is tempering our enthusiasm 
for esophageal replacement. Of the 
number of children with esophageal 
atresia repaired at Sainte-Justine Hos­
pital during the period covered by this 
study, approximately 10% had a repla­
cement procedure—a figure that is 
similar to most others.9 We believe that 
esophageal replacement should be lim­
ited to infants in whom the esophagus 
cannot be restored by other means. We 
disagree with those who advocate less 
stringent criteria in the selection of 
casesJ”
Our series demonstrates quite clearly 
that infants had the highest rate of 
morbidity. Although several authors 
have reported successful esophageal re­
placement in this age group,11'13 we be­
lieve that it should be delayed until the 
age of 18 to 24 months.1- 9-14 Cervical 
anastomotic leaks and fistulas represent 
the most common early complication 
(12 of 17) in this series. This high in­
cidence compares with that in a recent 
report15 although it is higher than most 
others.2-13-16 We believe that the most 
important factor leading to a cervical 
fistula is a precarious arterial blood 
supply or a poor venous return in the 
cervical part of the transplant. Acid- 
peptic tissue damage has been blamed 
for these leaks,16-17 but, in our patients, 
the absence of fistulas at the gastrocolic 
anastomosis, which is permanently ex­
posed to gastric secretions is, at best, an 
accessory one in a precariously vas­
cularized cervical portion of a trans­
plant. Contrary to other studies,1,18 the 
incidence of fistula did not seem to be 
influenced by the segment of the digest­
ive tract used. However, we did notice 
that the fistulas in the two children 
with reversed gastric tubes took a long­
er time to heal than those of the other 
patients.
The cervical anastomotic strictures, 
which developed in all those who had a 
fistula, were due chiefly to ischemia and 
infection. The development of a stric­
ture at the level of the sternal notch in 
two of our younger patients confirms 
the potential danger of a tight thoracic 
inlet in young subjects.9 When the retro­
sternal tunnel is narrow, it should be 
enlarged by a wedge resection of the 
manubrium. In contrast to some au­
thors9 who prefer a direct surgical at­
tack on the stricture, we rely on dilata­
tion and have had no complications with 
it. The main drawback, besides the long 
hospital stay often required, is the dif­
ficulty we frequently encountered in 
positioning a guide silk to permit bou­
gienage. Because of this we now place a 
guide silk during the initial procedure.
Delayed gastric emptying is frequent­
ly reported after this procedure.1- 9-14 Al­
though nine of our patients had regur­
gitation, only three had delayed gastric 
emptying confirmed radiologically (one
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of these later required a pyloroplasty 
for the relief of a gastric outlet obstruc­
tion). This delayed gastric emptying is 
hard to explain, but it resembles that 
observed in patients with an open gas­
trostomy tube. The hydrodynamic pres­
sure, which controls the opening of the 
pylorus, is dissipated because the gas­
tric contents follow the path of least re­
sistance through the gastro visceral 
anastomosis. Others have attempted to 
prevent delayed gastric emptying by 
creating a gastroesophageal sphinc­
ter,3, 13 or a pyloroplasty. In our labora­
tory we have constructed a submucosal 
tunnel along the anterior gastric wall 
for the gastrovisceral anastomosis.
The criteria used for classifying func­
tional results are based on the symp­
toms related to the substitute over the 
period of follow-up. Our cineradiologic 
findings were similar to those in pre­
vious studies.14,19 The three patients 
with occasional dysphagia for liquids 
also had frequent bouts of nocturnal 
choking and aspiration pneumonia. 
They also had colon redundancy and re­
trograde reflux of a thin barium solu­
tion. However, colon redundancy and 
reflux were also observed in others who 
had no, or minimal, dysphagia and rare 
to absent regurgitation.
Although adults with colon replace­
ments have had ulceration of the eso­
phageal stump after unsuccessful Heller 
procedures,20 this has not been reported 
in children. Adults have also had peptic 
ulceration involving transplants,21"25 but 
a survey of the pediatric literature did 
not uncover any such cases.1"3,6' 9> 14,16,19, 
26-29 p eptic ulceration of the transplant 
could not be demonstrated in our three 
patients with melena.
The relatively high incidence of 
watery diarrhea (five of 15)' is sur­
prising. The symptom was intermittent 
and relatively well tolerated except in 
two patients where three hospitaliza­
tions were required for bouts of acute 
dehydration. Fat malabsorption is not 
a late gastrointestinal complication of 
esophageal transplants.15 Further study 
of patients with a right-colon substitute 
could perhaps clarify the effect of the
loss of the ileocecal sphincter on fat ab­
sorption.30- 31
The weight curves (Figs. 1 to 3) dis­
close significant lags in most of our pa­
tients, but there is no obvious correla­
tion between functional results and the 
specific growth pattern. Several factors 
make difficult the accurate interpreta­
tion of the weight curves. Many of our 
newborns were premature by weight, 
and probably many were “ small-for- 
dates” .32 There is suggestive evidence 
that growth is slower in the small-for- 
dates prematures.33 Certainly one can­
not use the preoperative weight curve 
as a baseline to predict an eventual 
growth pattern, because tube feedings 
produce weight gains that cannot be 
achieved by the oral route. Long hos­
pital stays and associated congenital 
anomalies, which may also contribute 
to stunting of growth, are independent 
of the functional integrity of the sub­
stitute and of the rest of the digestive 
tract.
Sum m ary  and Conclusions
Esophageal replacement was done in 
18 children at Sainte-Justine Hospital, 
Montreal, over the past 13 years, In this 
series there was one death. Fifteen chil­
dren were followed for an average 
period of six years— six months to 13 
years. A variety of surgical procedures 
were carried out. Early and late compli­
cations were observed with gastric 
tubes, jejunum, ileocolon, right colon 
and transverse colon transplants. Se­
venty per cent of the children developed 
leaks at the cervical anastomosis; this 
emphasizes the importance of an ade­
quate arterial supply and of a good 
venous return in the cervical end of the 
transplant. We were impressed with the 
frequent lack of adequate anastomoses 
between the major veins of the right 
colon. Because of the many early and 
late complications, esophageal replace­
ment should not be undertaken as “an 
easy way out” . It should be reserved for 
circumstances where no other solution 
is available. A number of factors that 
probably interfere with growth poten­
tial of these children may account, to a
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large extent, for the erratic and low curves recorded. We could not demon­strate malabsorption and only three pa­tients had a weight-age lower than the height-age; two of these were still in their first postoperative year.
We are particularly indebted to Dr. J. C. 
Ducharme who not only provided patient ma­
terial but arranged for the follow-up of a sig­
nificant number of children through his 
“Anomalies Digestives” Clinic. Our thanks go 
to Miss M. Gagnon for the tables and 
graphs, and to Misses E. Blain, F. Masse and 
C. Shepherd for editorial assistance.
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R esum e
Les auteurs rapportent leur experience sur 
les remplacements de l’oesophage pratiques
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chez les enfants a l’hopital Sainte-Justine du- 
rant les 13 dernieres annees.
Dans cette serie de 18 enfants, il y eut un 
deces. Quinze de ces patients ont ete suivis 
durant des periodes variant de six mois a 13 
ans (moyenne six ans).
Le type de remplacement consistait en seg­
ments coliques, jejunaux et deux tubes gastri- 
ques.
Les auteurs font une revue extensive sur les 
complications observees: Fistules et stenoses
cervicales. Une tentative de classification est 
egalement faite, en vue d’evaluer les resultats 
fonctionnels obtenus chez ces patients. L’etude 
du developpement ponderal de ces patients 
montre que de nombreux facteurs interferent 
avec le potentiel de developpement de ces en­
fants.
Les auteurs concluent que l’indication de 
remplacement de 1’oesophage doit etre limitee 
aux patients chez qui une restauration inte- 
grale de 1’oesophage ne peut etre assuree par 
d’autres moyens.
FUNCTIONAL ANATOMY OF THE ANKLE JOINT AND ITS 
RELATIONSHIP TO ANKLE INJURIES
J. ROBICHON, M.D., M.Sc., F.R.C.S.[C], F.A.C.S.,*
J. PEGINGTON, M.B., B.Ch., F.R.C.S. [Eng.] ,f 
V. B. MOONJE, M.D., F.R.C.S.[C]J and J. P. DESJARDINS, M.D., F.R.C.S.[C],§
Ottawa, Ont.
The literature contains many worth­
while contributions about ligamentous 
injuries to the ankle, but almost all have 
discussed the lateral aspect of this joint. 
The reason for this is the frequency of 
lateral ligament injuries which often 
receive inadequate treatment and may 
result in long-lasting “ weak ankles” .1
Most ankle sprains will heal by pri­
mary intention although in many cases 
with unduly long morbidity. Some, how­
ever, will never heal because of inac­
curate diagnosis; without an accurate 
diagnosis proper treatment is most dif­
ficult. With many others we believe that 
unless treatment is based on sound an­
atomical knowledge, the decision to 
treat ankle sprains surgically or conser­
vatively is largely guesswork.
In 1961 we recognized and reported 
at the 30th Annual Meeting of the Royal 
College of Physicians and Surgeons of 
Canada that the fibulocalcaneal liga­
ment was the important stabilizer of
♦Division of Orthopedic Surgery, University of 
Ottawa, Ottawa, Ont.
•{-Department of Anatomy, University of Ot­
tawa.
^Department of Experimental Surgery, Uni­
versity of Ottawa.
§ Division of Orthopedic Surgery, University of 
Ottawa.
the ankle joint. We also established the 
necessity of evaluating ankle-joint 
stability in a neutral position or, better 
still, in dorsiflexion. These findings 
were later published by Makhani.2
The purpose of the present study was 
to re-evaluate the stabilizing effect of 
the different bands of the lateral liga­
ment and their relationship to injury of 
the ankle according to its position at the 
time of the strain.3,4 Cadaver experi­
ments have been helpful but leave much 
to be desired and this must be borne in 
mind when considering the results of 
our experiments. Twenty-three ankles 
were carefully dissected to expose the 
three bands of the lateral ligament so 
that we could determine experimentally 
the contribution of each band to the 
stabilization of the ankle in different 
positions.
M a t e r ia l  a n d  M e t h o d s
Our studies were done on fresh and 
prepared specimens. Tension in all com­
ponents of the lateral ligament was 
tested in different positions of the ankle 
and subtalar joint, which were carried 
through their normal range of motion. 
In order to clarify properly the function 
of these ligaments and this contribution
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Fig. 1.—The three bands of the lateral liga­
ment of the ankle.
to stabilization, they were sectioned in 
sequence.
D escriptive  A n a t o m y  of t h e  
L ateral  L ig a m e n t
The lateral ligament of the ankle is 
formed by three thick bands, which ra­
diate from the lateral malleolus to the 
lateral side of the talus and calcaneus 
(Fig. 1).
The anterior talofibular ligament 
runs anteriorly to gain insertion on to 
the lateral side of the neck of the talus, 
while the posterior talofibular ligament 
passes back to the posterior tubercle of 
the talus. The direction of these liga­
ments, especially the posterior, is not 
absolutely anteroposterior; both veer 
medially to a certain degree.
The calcaneofibular ligament takes 
an oblique course downwards and back­
wards to attach itself to the lateral sur­
face of the calcaneus. The ligament is 
grooved by the peroneal tendons as they 
pass just beneath the tip of the lateral 
malleolus.
F u n c t io n a l  A n a t o m y  of t h e  La t ­
eral L ig a m e n t  of t h e  A n k l e  D ur­
in g  P l a n t a r  a n d  D o rsiflexion  of 
t h e  A n k l e
During dorsiplantar flexion, the talus 
and calcaneus move as one, no move­
ment taking place at the subtalar joint.
During these movements the two 
bones rotate like a wheel. This wheel 
can be outlined on a radiograph of the 
ankle by completing the circle formed
by the articular arc of the talus (Fig.
2 ) .
The centre of the wheel does not coin­
cide with the point of origin of the three 
bands of the lateral ligament. It lies be­
low and in front of it. The peripheral 
ends of the three bands of the lateral 
ligaments move with the rotation of the 
ankle.
Fig. 2.—Tbe talocalcaneal wheel.
Plantar Flexion
During plantar flexion, the talar at­
tachment of the anterior talofibular 
ligament moves farther away from the 
malleolar attachment, hence the liga­
ment becomes tense.3’ 5*6 At the same 
time the posterior talofibular and cal­
caneofibular ligaments slacken (Figs. 
3a and 4A).
Fig. 3a
May 1972 ANATOMY OP ANKLE INJURIES 147
Fig. 3b Fig. 3c
Fig. 3.—Radiographs of the ankle in (a) plantar flexion, (b) neutral position and (c) 
dorsiflexion. The bands of the lateral ligament have been marked with metal clips.
Fig. 4.—Photographs and outline tracings of the lateral ligament during (A) plantar flexion, 
(B) neutral, (C) dorsiflexion and (D) inversion as the foot is moving into dorsiflexion. Notice in 
particular the changing direction of the calcaneofibular ligament. The stippled area in (D) is part 
of the articular surface of the calcaneus which becomes visible during inversion if the capsule 
of the subtalar joint has been removed.
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Dorsiflexion
In this movement, the ends of the 
anterior talofibular ligament come 
closer to the malleolar attachment and 
the ligament relaxes. The calcaneofibu- 
lar ligament is now vertically oriented 
in line with the fibular shaft and, there­
fore, its tension is increased. The pos­
terior talofibular ligament is also tense 
(Figs. 3c and 4C).
We therefore deduce from this that 
the anterior talofibular ligament limits 
plantar flexion. The posterior talofib­
ular ligament and the calcaneofibular 
ligament limit dorsiflexion.
F unctional A natomy of the Lat­
eral Ligament During Inversion 
Strains
Before the function of the lateral 
ligament can be assessed it is essential 
to know what movements, if any, nor­
mally occur at the ankle with inversion 
strains.
Whereas in dorsiplantar flexion the 
movement is only in the ankle joint, in 
inversion, movement takes place mainly 
in the subtalar joint.7
These movements are difficult to 
analyze, but they can be deduced from 
the shape of the articular surface of the 
calcaneus. This is set on the arc of a 
circle (Fig. 5A). The calcaneus is there­
fore able to rotate beneath the talus 
around a vertical axis somewhere to­
wards the medial side of the ankle (Fig. 
5B, C and D). However, the articular 
surface of the calcaneus is also dome­
shaped and this inverts the calcaneus 
beneath the talus while rotation is tak­
ing place. The combination gives the im­
pression of a screwing movement,5 and 
brings into view a small portion of cal­
caneal articular surface (Figs. 4D and 
5D).
The tibiotalar joint itself is stable ex­
cept for a small amount of talar tilt in 
extreme plantar flexion caused by the 
narrowing of the dome of the talus from 
front to back.
During inversion strains, the tension 
in the calcaneofibular ligament in­
creases. The ligament tends also to be­
come more vertical so that it lies in line 
with the shaft of the fibula (Figs. 4D 
and 5D). The greatest tension is de­
veloped if inversion is attempted while 
the ankle is moved into dorsiflexion.
Effects of Cutting the A nterior 
and Calcaneofibular Ligaments
If the anterior talofibular ligament is 
cut, the range of plantar flexion in­
creases. In addition, the talus rotates 
medially in the mortice, allowing mild 
subluxation.6 This rotation takes place 
in the horizontal plane, allowing also a 
slight physiologic talar tilt. It should be 
recalled that the ligament does not have 
a true anteroposterior direction, but is 
directed medially. If both the anterior 
talofibular ligaments and the calcaneo­
fibular ligaments are cut, the amount of 
talar rotation is increased and is accom­
panied by an abnormal talar tilt.
We have deduced from these studies 
that in the normal ankle the anterior 
talofibular ligament prevents medial 
rotation of the talus. The calcaneo­
fibular ligament prevents any tilting of 
the talus during inversion.
Discussion
Careful anatomical studies performed 
while repairing ankle injuries confirm 
that the fibulocalcaneal ligament can 
tear in different areas.8
If the fibulocalcaneal ligament tears 
at its calcaneal insertion, it will, on oc­
casion, curl over the peronei. If this 
happens, simple immobilization cannot 
induce anatomical reattachment and 
this ligament must be re-routed behind 
the peronei during open operation.
If the fibulocalcaneal ligament is torn 
at its mid-portion or at its insertion on 
the fibula, conservative treatment by 
immobilization may be all that is neces­
sary. We believe that proper inversion 
films made at the time of the accident 
will demonstrate when a tear has oc­
curred. Our aim is to develop, in the 
future, a technique that would help us 
localize the site of the tear. This would 
clearly delineate the few patients who, 
in our view, need surgical repair.
May 1972 ANATOMY OF ANKLE INJURIES 149
Fig. 5.—(A) The calcaneus viewed from above. The subtalar articular surface has been 
painted black. (B) Outline tracing. (C) Outline tracing of both calcaneus and talus viewed from 
above. (D) The calcaneus is shown inverting beneath the talus.
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Division of ankle sprains in three de­
grees appears justified:8 (1) First de­
gree sprain— rupture of the anterior 
talofibular ligament only. (2) Second 
degree sprain— the anterior fibulotalar 
ligament is torn as well as the antero­
lateral capsule. These two injuries will 
occur only when the ankle is in plantar 
flexion. (3) Third degree sprain in­
volves the anterior fibulotalar ligament 
and the anterolateral capsule along with 
the fibulocalcaneal ligament.
We believe that third degree sprain 
takes place first with the foot in plantar 
flexion tearing the most anterior por­
tion of the lateral collateral ligament, 
that is the anterior fibulotalar ligament 
and the anterolateral capsule. Following 
this, the ankle is brought into the neu­
tral position or, more likely, into dorsi- 
flexion and inversion when the heel 
strikes the ground with slight flexion 
at the knees. This, we strongly suggest, 
is the only position in which the fibulo­
calcaneal ligament can be torn, resulting 
in instability of the ankle joint. This 
instability can be demonstrated by talar 
tilt shown on inversion films.
S u m m a r y
The descriptive anatomy of the lat­
eral collateral ligament of the ankle has 
been reviewed.
The stabilizing factor of the different 
bands of the lateral collateral ligament 
has been evaluated in inversion as well 
as in plantar flexion and dorsiflexion. 
Emphasis has been put on the impor­
tance of the direction of the fibulocal­
caneal ligament according to the posi­
tion of the ankle as well as the position 
of the foot.
We have deduced from our studies 
that the anterior fibulotalar ligament 
is tense in plantar flexion and is in­
jured when undue strain is imposed 
with the ankle in this position.
The fibulocalcaneal ligament is un­
der maximum strain when the foot is 
dorsiflexed and inverted at the same 
time. The posterior tibulotalar ligament 
does little to stabilize the lateral aspect
of the ankle joint because of its hori­
zontal position; it tears only when the 
ankle dislocates. Open operation ap­
pears necessary only if the fibulocal­
caneal ligament is torn at its calcaneal 
insertion. Injury to any other portion 
of this ligament will probably heal well 
with immobilization alone.
We wish to express our sincere thanks to 
the Workmen’s Compensation Board of On­
tario whose generous financial contribution 
has made this work possible. We also ack­
nowledge the help of Mr. H. E. Simmons, tech­
nical officer in the Department of Anatomy, 
and Mr. S. Klosevych and the members of 
the Department of Medical Communication at 
the University of Ottawa.
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R esu m e
Le but de la presente etude etait d’evaluer 
les facteurs de stabilisation des trois compo- 
santes du ligament lateral de la cheville, selon 
la position de 1’articulation. L’anatomie fone- 
tionnelle de la vue laterale de 1’articulation 
de la cheville a ete etudiee sur des specimens 
frais et prepares. Les auteurs estiment que 1) 
le ligament peroneo-astragalien anterieur est 
le facteur stabilisateur principal de 1’articu­
lation, le pied etant en flexion plantaire. 2) Le 
ligament peroneo-caleaneen ne stabilise la che­
ville que lorsque l’articulation est en position 
neutre, ou, mieux, en flexion dorsale du pied 
et en inversion. Sa position oblique augmente 
en flexion plantaire et diminue en flexion dor- 
sale et en inversion, en faisant un meilleur 
stabilisateur, mais en le rendant plus vulne­
rable aux lesions. 3) Le ligament peroneo-as­
tragalien posterieur n’exerce guere de fonc- 
tion dans la stabilisation de 1’articulation de 
la cheville en raison de la predominance de 
sa position horizontale.
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ACUTE APPENDICITIS COMPLICATING MYOCARDIAL 
INFARCTION WITH HEART BLOCK*
DAVID LEAK, M.B., F.R.C.P.(Edin.), M.R.C.P.(Lond.), F.A.C.C.,
R. A. CHAMBERS, M.B., M.R.C.P.,(Lond.), P. DYCKHOFF M D 
W. M. GOLDBERG, M.D., F.R.C.P.[C], F.A.C.P. and 
S. E. O’BRIEN, M.D., F.R.C.S.[C], F.A.C.S., Hamilton, Ont.
N
R e c e n t  myocardial infarction has al­
ways been considered a definite contra­
indication to surgery except in extreme 
emergency situations. Acute appendi­
citis is one o f the commonest surgical 
emergencies. It is rather surprising, 
therefore, that we have not encountered 
reports in the literature referring to the 
incidence and management of acute ap­
pendicitis occurring in the immediate or 
early post-infarction period. W e felt, 
therefore, that the management o f the 
follow ing case would be of interest.
Ca s e  R eport
A 49-year-old man, weighing 84 kg., was 
admitted to the South Muskoka Memorial 
Hospital, Bracebridge, Ontario, complain­
ing of severe retrosternal chest pain and 
was found to have sustained an inferior 
transmural myocardial infarction. He was 
given appropriate analgesia and started on 
heparin and warfarin. On the second day 
after admission electrocardiogi*am (ECG) 
showed first-degree heart block with a PR 
interval of 0.24 seconds. By the fourth day 
this had progressed to a second-degree block 
with Wenckebach’s phenomenon. This was 
managed and controlled by an isoproterenol 
drip maintaining his pulse rate between 70 
and 80/min.; over the next 48 hours isopro­
terenol was required to maintain sinus 
rhythm. No facilities were available at this 
hospital for transvenous pacing. There was 
never any evidence of heart failure and he 
progressed well over the next five days.
On the fifth day he complained of colicky 
periumbilical pain, anorexia and vomiting. 
His temperature rose to 38.6° C. Physical 
examination of the abdomen revealed 
marked tenderness guarding and rebound 
tenderness localized to the right lower 
quadrant of the abdomen. A diagnosis of 
acute appendicitis was made and the patient
*From the Medical and Surgical Units, Mc- 
Master University, and the Service of Car­
diology, St. Joseph’s Hospital, Hamilton, Ont.
Reprint address: Dr. S. E. O’Brien, 25 Charl­
ton Avenue East, Suite 805, Hamilton 20, Ont.
immediately transferred 150 miles by am­
bulance to St. Joseph’s Hospital, Hamilton, 
for further treatment.
During the journey an intravenous in­
fusion was maintained with standby isopro­
terenol, but sinus rhythm was maintained 
and isoproterenol administration was not 
required. On arrival at St. Joseph’s Hos­
pital the physical findings pointing to a 
diagnosis of acute appendicitis were con­
firmed and arrangements were made for  an 
immediate appendectomy. Before operation, 
a transvenous bipolar pacemaker catheter 
was introduced into the apex of the right 
ventricle and a satisfactory position for 
demand pacing established.
The patient was then sedated with 50 mg. 
of meperidine and 0.3 mg. of hyoscine intra­
muscularly, and a further 10 mg. of me­
peridine was given intravenously on arrival 
in the operating room. Anesthesia was in­
duced slowly with 200 mg. of sodium thio­
pental; 100% oxygen by mask was given 
simultaneously. Succinyl choline, 80 mg., 
was then given and the patient intubated 
and put on a ventilator. Anesthesia was 
maintained with nitrous oxide and oxygen 
(4:2 l./min.), intravenous meperidine (40 
mg. over 40 minutes) and minimal methoxy- 
flurane (less than 5%) .  Relaxation was ob­
tained by a succinyl choline drip of which 
the total dose was 220 mg. in 220 c.c. o f 5% 
dextrose in water.
Operation was carried out through a Mc- 
Burney incision, and a gangrenous retro­
cecal appendix was removed. The operating 
time was approximately 50 minutes.
During induction and operation, continu­
ous ECG monitoring was maintained. No 
block or arrhythmia occurred. After opera­
tion the patient was transferred to the in­
tensive care unit for three days. Sinus 
rhythm persisted and no paced beats were 
required. There was no evidence of cardiac 
failure or pulmonary complications. The 
pacemaker catheter was removed five days 
after appendectomy.
The patient made an uncomplicated re­
covery and was discharged four weeks after 
his initial admission for myocardial infarc­
tion. A nine-month follow-up showed a 
return to normal exercise tolerance.
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D is c u s s io n
Most observers agree that surgical 
risk is greatly increased shortly after a 
myocardial infarction. Although modern 
management has probably reduced the 
mortality considerably, in reviews as 
recent as 19641 emergency operation 
performed within three months of myo­
cardial infarction has been associated 
with a mortality as high as 40% from 
cardiovascular complications. In fact, 
in the series quoted, the mortality rose 
to nearly 80% in patients with trans­
mural infarction. Our patient had a 
transmural infarct, second-degree heart 
block and the operation had to be per­
formed on the eleventh day. Although 
heart block with inferior infarction is 
usually temporary and carries a good 
prognosis,2 impaired conduction per­
sisted in this patient for five days. It 
seemed prudent, therefore, to transfer 
the patient to a centre where pacing 
facilities were available. A temporary 
transvenous pacemaker catheter was 
inserted prophylactically, and connected 
to a demand pacemaker unit. Trans­
venous pacing is a safe and secure meth­
od of ensuring a regular heart beat both 
during and after operation and, with a 
demand pacemaker, any dropped beats 
can be immediately corrected.
The surgical management of this pa­
tient provided no particular problem 
and requires no elaboration. The anes­
thetic management is described in some 
detail to emphasize the small dosage of 
drugs used in a relatively heavy man. 
The patient had no recollection of the 
procedure. Atropine was not used before
operation because for many years it has 
been recognized that the chronotrophic 
effect of this drug may increase the de­
gree of block.
S u m m a r y
A 49-year-old man had acute appen­
dicitis complicating recent myocardial 
infarction and temporary second-degree 
heart block. The authors make particu­
lar reference to the anesthetic and car­
diac aspects of the management of this 
case and stress the advantage of trans­
ferring such a patient to an institution 
where facilities for transvenous pacing 
are available. Acute appendicitis is ap­
parently rare as a surgical complication 
of recent myocardial infarction.
We are indebted to Dr. N. Kee of Brace- 
bridge, Ontario, for referring this patient to 
us.
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R e s u m e
Un homme de 49 ans, deja frappe d’un in- 
farctus du myocarde inferieur aigu et d’un bloc 
A.V. temporaire du second degre presenta une 
appendicite aigue qui dut etre operee le lleme 
jour apres 1’infarctus. Le patient dut etre 
envoye a un hopital ou existait la possibility 
d’installer un pacemaker automatique par voie 
transveineuse. Le present article decrit le trai- 
tement applique a ce cas et les details de l’a- 
nesthesie. Aucune complication n’a ete a de- 
plorer. Le malade a ete hospitalise en tout 
pendant quatre semaines.
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EFFECT OF HUMORAL AND CHOLINERGIC STIMULANTS ON 
SECRETORY FUNCTION OF TOTALLY ISOLATED 
CANINE STOMACH PERFUSED 
BY AUTOLOGOUS AND HOMOLOGOUS BLOOD*
K. KOWALEWSKI, Ph.D., M.D. and R. SCHARF, Edmonton, Alta.
In 1962 Moody, Gilder and Beal1 at­
tempted to perfuse totally isolated ca­
nine gastric wedges in a perfusion cham­
ber. They used autologous blood and a 
rotating disc oxygenator. None of these 
preparations (10 experiments) secreted 
gastric acid. This failure was related in 
part to the manipulation required to 
prepare the vascular pedicle.1 In 1963 
Eisenberg, Schapiro and Woodward2 
perfused isolated canine fundic pouches, 
supported by autologous blood circulat­
ing through a bubble oxygenator. The 
longest successful perfusion lasted two 
hours and 55 minutes and the best HC1 
concentration achieved after histamine 
stimulation was 100 clinical units. This 
paper2 did not mention the number of 
pouches used and the percentage of suc­
cessful perfusions. In the same year Sal­
mon and Assimacopoulos3 used the ex 
vivo isolated canine stomach, supported 
by autologous blood and oxygenated by 
an autologous lung lobe. In their dissec­
tion, these authors preserved all gastric 
artery and vein channels. The artery 
was connected with the perfusion cir­
cuit but the vein channels were left to 
drain freely. With this system,3’ 4 35% 
of the preparations produced acid. Ede­
ma and mucosal hemorrhage of the 
stomachs were constant and early com­
plications. Stomachs perfused with au­
tologous blood secreted HC1 for one to 
61% hours. No preparations perfused by 
homologous blood produced any acid at 
any time.4
Our initial studies with ex vivo canine 
stomachs were first presented in 19665 
when we developed a method of main­
taining the anatomic and functional via­
bility of this totally isolated preparation 
for 16 hours. We used only homologous
*From the Surgical-Medical Research Insti­
tute, The University of Alberta, Edmonton, 
Alta.
fFellow in Experimental Surgery, supported 
by the Edmonton Civic Employees Association.
blood supplied by a dog playing the 
function of the oxygenator. In subse­
quent studies, both surgical procedures 
and the perfusion instruments were 
improved.612 At present we can obtain 
adequate secretion of HC1 in the ex vivo 
canine stomach for 24 hours. For tech­
nical reasons (expenses, staff), we 
usually limit our studies to 10 to 16 
hours.11’ 12 It is apparent that for pro­
longed perfusion of an isolated organ, 
a method of controlling the normal me­
tabolic properties of the blood (perfu­
sate) is necessary. In our system, a dog 
is supplying physiologically oxygenated 
blood to an ex vivo stomach. Our stud­
ies5'9' “ *12 demonstrated that the ex vivo 
canine stomach secretes acid when per­
fused with the homologous blood of a 
living dog. We still have no idea how the 
ex vivo stomach will react to blood oxy­
genated by an extracorporeal system.
The purpose of the present experi­
ment was to compare the secretory 
functions of ex vivo canine stomachs 
perfused either with blood circulating 
through a bubble oxygenator or with 
blood circulated through a circuit con­
taining a supporting dog. We used vari­
ous stimuli known to induce secretion 
of HC1 by the parietal cells of the in 
vivo stomach.
M ethod
Perfusion System
In developing the perfusion techni­
que, the following conditions were con­
sidered essential: (a) rigid maintenance 
of hemodynamic and physical parame­
ters, (b) preservation of normal venous 
pressure, and (c) use of a supporting 
animal to provide the necessary perfu­
sate and to serve as a physiologic dia- 
lyzer and oxygenator. The first two con­
ditions were provided by our perfusion 
apparatus.9-11 The perfusion chamber 
assures a precise control of tempera-
154 THE CANADIAN JOURNAL OF SURGERY Vol. 15
Fig. 1.—Circuitry for ex vivo isolated canine stomach. A supporting dog is supplying the 
perfusion blood with oxygen.
ture, humidity and pressure surround­
ing the isolated organ. Fig. 1 shows 
schematically the blood-flow circuitry. 
Blood is pumped to the organ by an oc­
clusive roller pump (Sarns low-flow 
perfusion pump, No. 5M-6050, Travenol 
Laboratories Ltd., Alliston, Ont.). We 
can arbitrarily vary arterial blood-flow 
rate by adjusting the pump speed selec­
tor, or it can be controlled automatically 
to deliver a constant, selected arterial- 
perfusion pressure. This control is pro­
vided by a feedback circuit which re­
sponds to the galvanometer voltage 
from an arterial pressure channel on a 
recorder (Offner Type R biomedical 
recorder, Beckman Instruments Inc., 
Palo Alto, Calif.). Venous outflow from 
the organ is conducted to a height-ad­
justable reservoir. Blood is returned by 
a second roller pump (Sarns modular 
pump No. 5M-6002) to the supporting 
animal, or an oxygenator (Fig. 2), at a
rate that is automatically controlled by 
photoelectric sensing of the blood level 
in a sealed venous reservoir.10 A small 
amount of blood escaping from the pre­
paration is delivered by a third pump 
to the supporting animal (or oxygen­
ator). The entire flow circuit has a 
priming volume of 200 ml.
Oxygenation of Blood
Oxygenation of blood takes place in a 
supporting dog (Fig. 1) or an oxygen­
ator (Fig. 2). We use an anesthetized 
supporting dog, previously totally gas- 
trectomized. He breathes spontaneously, 
but intermittent positive-pressure hy­
perventilation is carried out and endo­
tracheal oxygen insufflation is provided 
if arterial p02 is less than 60 mm. Hg. 
The supporting dog receives normal 
saline intravenously at the rate neces­
sary to maintain stable half-hourly 
hematocrit determinations. The sup-
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porting dog is put into the system 
through the femoral vessels (Fig. 1). 
When perfusion is done with an oxygen­
ator, we use a bubble oxygenator (Mini­
prime 2 LF, total body perfusion oxy­
genator, Travenol Laboratories Inc., 
Morton Grove, 111.) which is illustrated 
in Fig. 2. Pure oxygen, or 97% oxygen 
and 3% carbon dioxide mixture, is 
delivered under manometric control to 
this oxygenator.
Ex Vivo Stomach
Each stomach for perfusion was dis­
sected carefully and during the opera­
tion we tried not to handle it, working 
essentially on the vascular system. The 
purpose of operation was to mobilize the 
entire organ while preserving all the 
gastric vascular arcades intact. Detailed 
technique was described previously.11' 12 
Final steps of dissection were as fol­
lows: (a) splenectomy and subtotal
omentectomy, (b) subtotal pancreatec­
tomy, (c) ligation and division of the 
infraceliac aorta, (d) division of the 
thoracic aorta, (e) division of the re­
troperitoneal attachments of the para- 
celiac aorta, and (f)  division of the dis­
tal portal vein. The isolated organ was 
weighed and immediately placed in the 
chamber so as to rest on the ventral 
wall. The dissected stomach was de­
prived of circulating blood for four to 
eight minutes.
Perfusion
Stomach vasculature was connected 
with the extracorporeal circuit by the 
preceliac segment of the aorta and the 
distal portal vein, using appropriate 
cannulas. The outlet of a large perfor­
ated intragastric cannula, secured by a 
ligature around the duodenal sphincter, 
was conducted outside the chamber. The 
chamber was sealed and intermittent 
respiratory-rate pressures of + 8 /+ 3  
mm. Hg were produced using respira-
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tory pumps (Figs. 1 and 2). Venous re­
servoir height and pump volumes were 
adjusted to produce pressure in the por­
tal vein of +8/+9 mm. Hg. The stomach 
was permitted to drain spontaneously 
for 15 to 20 minutes. This period was 
considered sufficient to permit the 
evacuation of most of the secretion from 
the stomach before infusion of the 
stimulant. When circulation in the sys­
tem was stabilized and the stomach 
evacuated, intra-arterial infusion of 
stimulant began. Arterial and portal 
venous pressure and artery flow rate 
were constantly monitored (Zepeda 
EPD-2RD, Zepeda Instruments, Seattle, 
Wash.). Arterial and venous pC02, 
pCL and pH were measured every 30 
minutes. We calculated the oxygen con­
sumption of the stomach, using the ar­
terial flow rate and the arteriovenous 
oxygen content differences. Gastric 
juice was collected continuously in 30- 
minute samples.
Additional Surgical and
Perfusion Methods
When we found that none of the ex 
vivo stomachs perfused with the blood 
circulating through the bubble oxygen­
ator produced acid, we attempted to ex­
plain this “ insufficiency” of the parietal 
cell by a few additional experiments.
(A) Five stomachs were first per­
fused by the blood circulating through 
the bubble oxygenator. Then, when a 
baseline of H+-free secretion was ob­
tained, the oxygenator was rapidly dis­
connected and replaced by a gastrecto- 
mized supporting dog. This was the 
switch from the system illustrated in 
Fig. 2 to the one illustrated in Fig. 1. 
After one to two hours of collection of 
gastric juice, we switched again from 
the supporting dog to the bubble oxy­
genator. This changing of perfusion 
systems was done two to three times.
(B) In order to determine whether 
the bubble oxygenator depressed the 
function of ea; vivo stomach, we placed 
it between the stomach and a support­
ing dog. In this case, blood was circulat­
ing from the supporting dog through
the oxygenator to the arterial system 
of the ex vivo stomach. It was essen­
tially the combination of the two per­
fusion systems (Figs. 1 and 2).
(C) Finally, when it became apparent 
that a supporting animal contains a 
“ factor” enabling parietal cell of isol­
ated stomach to secrete acid, under the 
conditions of the present experiment, 
we replaced this dog by an isolated 
liver. Liver and stomach were dissected 
en bloc and placed in the chamber (Fig. 
3). In this preparation, a bubble oxy­
genator was included between the pre­
celiac segment of the aorta and inferior 
vena cava. Oxygenated blood arrived 
to the stomach and the liver through the 
celiac axis. Gastric venous blood was 
passing through the hepatic portal sys­
tem. Blood from both the stomach and 
liver was returning to the oxygenator 
through the vena cava of this isolated 
preparation. The perfusion circuit was 
identical with the one illustrated in Fig. 
2, except that the chamber contained 
both organs (Pig. 3).
Fig. 3.—Schematic representation of the vas­
cular tree and connections with the perfusion 
system of “ liver plus stomach preparation” . 
Liver and stomach, en bloc, are placed in per­
fusion chamber.
Biochemical Tests
Gastric juice was titrated in 1.0-ml. 
aliquots using a radiometer type TTT1 
titrator, TTA3 titration assembly and 
type ABU1 auto-burette unit. The pH 
was read and the samples were titrated 
with 0.1N NaOH to pH 7. Pepsin was 
determined by a modified Anson’s 
method.13,14 Concentrations of Na+ and 
K+ were determined using an I.L. flame
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photometer Model 143. Chloride was 
measured with a Buchler-Cotlove chlori- 
dometer. Using a pH M-27 blood gas 
analyzer-radiometer, p 02, pCO, and pH 
were measured in heparinized blood. 
Hematocrits were measured using a 
microhematocrit centrifuge.
Stimulation of Gastric Secretion
Uniform infusion of stimulants, de­
livered into the arterial channel of 
isolated stomachs were obtained using 
the infusion withdrawal pump (Har­
vard Apparatus Co., U.S.A.). The fol­
lowing stimulants were used: (1) his­
tamine dihydrochloride (Hoffmann-La 
Roche, Montreal, Que.) ; (2) bethane- 
chol chloride (Urecholine, Merck Sharp 
& Dohme, Montreal, Que.); (3) penta- 
gastrin (Peptavlon, Ay erst Labora­
tories, Montreal, Que.) ; (4) histalog 
(betazole hydrochloride, Eli Lilly & Co.,
Indianapolis, Ind.) ; and (5) electrical 
stimulation of vagus. Doses of these 
stimulants are indicated in the tables.
Organization of the Experiment
In our previous studies of ex vivo 
canine stomachs, quoted above, we used 
only histamine stimulation. In the pre­
sent study we used various methods of 
stimulation in both perfusion systems 
(Figs. 1 and 2). First we perfused a 
series of stomachs using supporting 
dogs as oxygenators. Then we used ex­
tracorporeal systems containing bubble 
oxygenators. We then perfused the 
same isolated stomachs alternately with 
two different methods, as in Figs. 1 and 
2. We also performed a few experiments 
with the combination of bubble oxygen­
ator plus supporting dog in the same 
perfusion system. Finally, we perfused 
the preparation, “ liver plus stomach” ,
TABLE I .— E ffe cts  o f  V a rio u s  Stim ulants on  G a st ric  Se c r e t io n  of E x  V iv o  C a n in e  Stom ach s  a n d  on  P e r f u sio n  B lo o d , 
C ircu latin g  T hrou gh  a  L ivin g  Suppo rting  D og (as in  F ig . 1). D u ra t io n  of  P e rfu sion  A v e r a g e d  Se v e n  H o u r s  (4.0 to  11.0 
H ours) .  Sa m ples  W e re  C ollected  E v e r y  30 M in u t e s . A v e r a g e s  and R a n g e s  in  B r ackets
Measurements Histamine Histalog Pentagastrin Urecholine
Vagus
stimulation
Number o f stomachs 25 4 4 4 2
Dose c f  stimulantlhr. 150 pig. 750 pig. 16 (J.g. 500 |j.g. *
Gastric secretion:
Vol. ml./30 min. 37 12 17 12 13
(12 —  98) (4 —  24) (10 —  37) (3 —  25) (2— 68)
HC1 mEq./30 min. 4.80 0.70 1.50 0.40 1.67
(1.20 —  7.50) (0.03 —  2.69) (0.80 —  4.14) (0.20 —  3.30) (0.11 —  9.10)
Pepsin mg./30 min. 16 49 45 120 40
(6 —  37) (10 —  143) (10 —  270) (20 —  513) (7 —  122)
HCl mEq./l. 126 54 92 76 54
(12 —  155) (12 —  120) (9 — 128) (8 —  133) (3 —  134)
Na+ mEq./l. 25 92 45 72 90
(15 —  32) (38 —  127) (23 —  59) (8 —  132) (26 —  135)
K + mEq./l. 7.1 8.0 5.3 9.0 9.5
(5.3—  8.9) (4.2 —  10.4) (2.4 —  10.0) (3.5 —  10.3) (5.9 —  11.7)
Cl-  mEq./l. 170 143 163 152 149
(137 —  172) (136 —  149) (164 — 176) (131 —  175) (134 —  166) ^
Perfusion blood:
Arterial pH 7.30 7.32 7.33 7.37 7.30
(7.15 —  7.49) (7.16 —  7.45) (7.25 — 7.43) (7.30 —  7.40) (7.24 —  7.32)
Hematocrit 40 36 30 40 34
(38 —  43) (27 —  41) (25 — 39) (37 —  44) (26 —  40)
N a+ mEq./l. 147 142 138 133 143
(140 —  149) (133 —  147) (134 —  144) (139 —  157) (134 —  148)
K + mEq./l. 3.5 3.4 3.2 2.7 3.3
(3.2—  3.8) (2.8—  4.4) (3.0 —  3.6) (2.2 —  4.7) (2.6 —  3.4)
C fm E q ./l. 110 113 114 107 124
(107 —  126) (106 —  121) (112 —  115) (96 —  141) (120 —  125)
Arterial blood flow 93 71 93 78 80
ml./min./stomach (70 —  130) (60 —  110) ( 90 —  100) (65 —  100) (65 —  100)
Oxygen consumption 2.3 0.8 2.0 1.3 0.8
ml./min./stomach (0.7 —  4.7) (0.4 —  1.1) (1.5 —  3.0) (1.0 —  2.1) (0.6 —  1.3)
*Electrical stimulation administered continuously to both vagi: frequency —  20 pulses/sec.; duration —  20 milliseconds; volts — 7.
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en bloc, with the blood oxygenated by 
the bubble oxygenator.
R esults
Stomachs Perfused With Homologous
Blood of Supporting Dogs
All ex vivo stomachs of this series 
produced secretion, containing HC1, in 
all 30-minute samples. As may be noted 
from Table I, the best response, in 
terms of volume and output of HC1, was 
obtained in the group stimulated by his­
tamine. Histamine, however, was a poor 
stimulant of pepsin compared with 
other humoral or cholinergic stimulants 
used in this series. As expected, high 
concentrations of H + were generally as­
sociated with low concentrations of Na+ 
in gastric secretions. This reverse rela­
tion between H + and Na+ was best seen
E
o
0 1 2  3 4 5 6
HOURS
Fig. 4.—Example of the response of an ex 
vivo canine stomach, perfused with the blood 
oxygenated by a supporting dog, to constant 
histamine stimulation.
in the histamine-stimulated secretions. 
There was no marked difference be­
tween other components of juice or per­
fusion blood in all five “treatment 
groups” (Fig. 1). Consumption of oxy­
gen was generally higher in histamine- 
and pentagastrin-stimulated stomachs 
than in the remaining “treatment 
groups”. Fig. 4 gives a typical example 
of the reaction of a stomach from this 
series to histamine stimulation.
Stomachs Perfused With Autologous 
or Homologous Blood Oxygenated 
With Bubble Oxygenators
None of the stomachs of this series 
secreted detectable HC1. None of the 
five methods of gastric stimulation used 
in this series (Table II) produced de­
tectable H +. In all instances, pure alka­
line juice was obtained. In these juices 
the concentrations of Na+ were very 
high and the concentrations of CF 
were very low. These concentrations ap­
proached the concentration of N a+ and 
CF found in plasma of perfusion blood. 
Regarding other parameters studied in 
the juice and in blood of this series, no 
marked differences were recorded be­
tween five “treatment groups” (Table 
II).
When all values for the concentra­
tions of Na+, K+ and CF in the gastric 
juice, stimulated by histamine, histalog, 
pentagastrin and Urecholine, were 
added and compared to respective con­
centrations of Na+, K+ and CF of per­
fusion blood we found marked similar­
ity between these two sets of values 
(Table III). These two sets of values 
were compared with those reported by 
Hollander.15 It may be seen from Table 
III that alkaline secretions from the ex 
vivo stomachs of this series have the 
composition approaching one of blood 
plasma.
Alternative Perfusion of Stomachs 
Using Bubble Oxygenators and Sup­
porting Dogs
As stated above, all stomachs sup­
ported by living dogs secreted HC1 and
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TABLE II.— Effect of Various Stimulants on Gastric Secretion in E x  V ivo Canine Stomachs and  on P erfusion  B lood, 
Circulating T hrough a B urrle Oxvcenator (as in  F ig . 2). D uration  of P erfusion Averaged Six  H ours (3.5 to 7.5 H ours). 
Samples W ere T aken Every  30 M inu tes. Averages and  R anges in B rackets
Vagus
M easurements Histamine Histalog Pentagastrin Urecholine stimulation
Number of stomachs 8 4 4 4 1
Dose of stimulantIhr. 150 (Ag. 750 pig. 16 [Ag. 500 p.g. *
Gastric secretion:
Vol. ml./30 min. 37 36 30 42 29
(7 — 72) (13 — 93) (8 — 84) (9 — 71) (15 — 46)
Pepsin mg./30 min. 32 48 42 75 29
(6 — 81) (14 — 130) (13 — 118) (7 — 2C9) (3 — 73)
HC1 mEq./l. 0 0 0 0 0
Na+ mEq./l. 146 153 150 145 144
(128 — 165) (128 — 173) (132 — 179) (120 — 156) (146 — 156)
K+ mEq./l. 6.1 6.2 5.1 6.3 4.7
(4.0 — 11.0) (4.0 — 13.1) (3.1— 10.0) (4.1 — 9.0) (3.9 — 5.9)
Cl~ mEq./l. 120 128 114 116 117
(116 — 146) (115 — 145) (80 — 139) (89 — 148) (110 — 130)
Perfusion blood:
Arterial pH 7.30 7.31 7.34 7.25 7.20
(7.15 — 7.54) (7.19 — 7.43) (7.20— 7.52) (6.80 — 7.47) (7.15 — 7.32)
Hematocrit 34 30 35 31 30
(to— 52) (24 — 40) (24 — 43) (23 — 37) (23 — 39)
Na+ mEq./l. 150 155 150 151 156
(141 — 174) (145 — 174) (140 — 176) (136 — 173) (150 — 157)
K+ mEq./l. 3.4 3.5 3.4 4.1 3.2
(3.0 — 4.1) (3.1 — 5.2) (3.2 — 4.4) (3.0 — 5.3) (3.1 — 3.4)
Cl~ mEq./l. 116 121 121 126 112
(100 — 135) (110 — 136) (109 — 132) (110 — 144) (110 — 113)
Arterial blood flow 108 111 102 120 106
ml./min./stomach (70 — 170) (55 — 200) (70 — 140) (100 — 140) (60 — 125)
Oxygen consumption 1.20 1.28 0.99 1.12 1.10
ml. /min. /stomach (0.50 — 1.98) (0.80 — 2.60) (0.67 — 1.25) (0.80 — 1.99) (0.72 — 1.40)
*Electrical stimulation administered continuously to both vagi: frequency— 20 pulses/sec.; duration — 20 milliseconds; volts — 7.
no stomach supported by bubble oxy­
genators produced this acid. In the 
group of five stomachs, we alternated 
the methods of perfusion by switching 
from one system (as in Fig. 2) to an­
other (as in Fig. 1). In all cases HC1 
appeared, sometimes after a “rest pe­
riod” of 30 to 60 minutes when the bub­
ble oxygenator was replaced by a sup­
porting dog. Fig. 5 gives an example of 
such a response. When in vivo oxygen­
ated blood from the supporting dog is 
introduced into the perfusion system  
(Fig. 1) the formerly “ resting” parietal 
cell produces HC1. Returning the stom­
ach to the in vitro perfusion system  
(Fig. 2) results in the disappearance of 
HC1 from the secretion (Fig. 5 ).
Results of Placing a Bubble Oxygen­
ator Between Ex Vivo Stomach and a 
Supporting Dog
TABLE III.—Comparison of Electrolyte C oncentration in Gastric M ucinous Secretion (H ol­
lander) and the Concentration of Electrolytes in  the Secretion of Ex Vivo Stomachs, W ith 
Electrolytes of D og Plasma. M eans and R anges in brackets
Component
Hollander15 Ex vivo stomachsf
Mucinous secretion* Dog plasma Secretion
Perfusion blood 
(plasma)
Na+................. 133 (114 — 148) (135 —  169) 148 (120 — 179) 151 (136 —  176)
K+................... 4.4 (2.5 — 6.9) (3.7 —  6.2) 6.1 (3.1 — 13.1) 3.6 (3.0 —  5.3)
C L .................. 120 (96 — 144) (99 — 136) 120 (80 — 148) 121 (100 —  144)
*Heidenhain pouches stimulated by acetylcholine.
(Stomachs perfused with autologous or homologous blood, oxygenated by bubble oxygenators. Stomachs 
stimulated by one of the following stimulants: histamine, histalog, pentagastrin and Urecholine (see Table 
II). Number of 30-minute samples of alkaline juice and plasma was 252.
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Fig. 5.—E ffec t of changing the perfusion 
system  from  an in  vitro  oxygenator (as in Fig. 
2) to th e  system  indicated in Fig. 1, on the 
secretory function of ex vivo canine stomach.
This additional experiment was per­
formed on two ex vivo stomachs. Table 
IV shows that the presence of the bub­
ble oxygenator in the perfusion system 
did not inhibit the production of HC1 
when a supporting dog was also in­
cluded. HC1 was present in all samples.
Liver Plus Stomach, En Bloc, Prepa­
rations Supported, In Vitro, With 
Bubble Oxygenator
Three preparations of this type were 
studied. The important technical prob­
lem was progressive congestion of the 
liver during the perfusion. After 21/2 to 
three hours, the stomachs started to 
secrete juice of scanty volume and 
mixed with blood. These perfusions 
were, therefore, short. However, all 
samples of gastric juice contained HC1, 
with a maximal concentration of H + at 
the end of the second hour of perfusion. 
The results of this experiment suggest 
that the presence of the liver in the sys­
tem, supported by the bubble oxygen­
ator, may be “responsible” for the ap­
pearance of H + in gastric juice, which is 
always absent if the bubble oxygenator 
alone supplies the blood to ex vivo stom­
ach. This experiment does not explain 
the nature of hepatic influence on the 
ex vivo stomach.
D is c u s s io n
Before discussing the results of the 
present experiment, we should point out 
that our ex vivo preparation differs 
greatly from preparations used by 
clinical and experimental gastroen­
terologists. The ex vivo stomach pro­
duces pure juice, which is not contamin­
ated with saliva or duodenal content. 
Such contamination can rarely be avoid-
TABLE IV.—P arietal Cell Secretion of H+ by Ex Vivo Stomachs Under Various Conditions of 
Oxygenation of P erfusion Blood. Stomachs Stimulated by Intra-arterial H istamine Infusion 
(150 ixg./HR.). Samples Collected E very 30 M inutes. Averages and Ranges in Brackets
No. of 
samples
30 -min. output Maximal concentration 
of (H+) mEq./I. in 
a 30-min. samplePreparation Vol. ml. HCl mEq.
Stomach oxygenated by a 
living supporting dog......... 268 37 (12 - 98) 4.8 (1.2 — 7.5) 167
Stomach oxygenated by a 
bubble oxygenator.............. 115 37 (7 — 72) 0 0
Bubble oxygenator placed 
between supporting dog and 
stomach*............................... 11 26 (7 — 77) 3.6 (0.6 — 11.9) 155
“Liver plus stomach” pre­
paration oxygenated by 
bubble oxygenator f ............ 13 20 (4 — 48) 1.2 (0.2 — 7.30) 155
*Blood circulates from the supporting dog through the bubble oxygenator to the stomach. 
fBubble oxygenator supplies the blood to the gastric and hepatic arteries. Blood leaves the stomach, oasses 
through the hepatic portal system and returns, through the inferior vena cava, to the oxygenator (see Figs. 
2 and 3).
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ed when collecting gastric content from 
human subjects and from animals bear­
ing gastric fistulas of total stomachs. 
The ex vivo stomach contains the an­
trum and, hence, differs from all fundic 
pouches used by most experimental gas­
tric physiologists: the antrum is a rich 
source of non-parietal secretions and its 
absence may alter the ionic composition 
of gastric juice. The ex vivo stomach is, 
evidently, an isolated organ, and its 
anatomical and functional survival is 
limited. At the present time we can 
study the secretion of gastric juice, in 
this preparation, for 24 hours. How­
ever, edema usually develons after eight 
to 11 hours of perfusion: the gain in 
the weight of the stomach after such 
a period varies from 9% to 11%. The 
ex vivo stomach has a longer life when 
the supporting dog is used. With only 
the bubble oxygenator in the perfusion 
system, the secretion usually stops after 
eight to nine hours of perfusion.
In the present experiment, we did not 
attempt prolonged studies of secretion 
and used only stomachs that appeared 
“normal” . This “normality” was 
checked by the observation of organs in 
the chamber: regular motility, no signs 
of vascular congestion, normal colour of 
serosa were considered a sign of “ nor­
mal stomach” . When blood appeared in 
the juice, the experiment was discon­
tinued because we considered that gas­
tric mucosa was damaged.
Secretion of H + and Other Ions
The major purpose of this study was 
to study the ionic composition of gastric 
juice of ex vivo stomachs. Values previ­
ously reported16'20 for H+, Na+ and Cl" 
concentrations in gastric secretions of 
human subjects and animals compare 
well with the values found in our series 
of ex vivo stomachs (Table I). There­
fore it appears that ex vivo canine 
stomach can produce the secretion with 
ionic composition generally similar to 
one found in in vivo conditions. How­
ever, ex vivo canine stomach cannot 
produce any detectable H + when it is 
supported by a bubble oxygenator. It 
appears that the presence of a living
supporting dog is necessary (Fig. 1) to 
obtain any H+ from an ex vivo stomach, 
stimulated by various humoral and 
cholinergic agents. By themselves these 
stimuli cannot induce the parietal cell 
to produce H+ if there is no living sup­
porting dog in the perfusion system 
(Fig. 2). We were able to prove that the 
“ insufficiency” of parietal cell is not 
permanent. A stomach unable to secrete 
H+ when supported by the bubble oxy­
genator, starts to produce acid when 
the oxygenator is replaced by a support­
ing dog (Fig. 5). This shows that the 
acid-producing function of the parietal 
cell is only temporarily suspended in the 
totally in vitro system (Fig. 2).
We have no ready explanation of the 
phenomenon of this “ inhibitory effect” 
of the bubble oxygenator on gastric sec­
retory function. When the bubble oxy­
genator is included between the sup­
porting dog and ex vivo stomach (Table 
IV), acid secretion is normal. This sug­
gests that the oxygenator itself is not 
necessarily the cause of secretory inhi­
bition. The major “ factor”  permitting 
the ex vivo stomach to secrete H+ ap­
pears to be the supporting dog. Does it 
act as a dialyzer of perfusion blood? 
Does it metabolize gastric stimulants 
and make them effective on gastric mu­
cosa? Or, perhaps the living supporting 
dog produces a permissive agent, which 
makes parietal cell responsive to humor­
al or cholinergic stimuli? We cannot 
answer these questions at the present 
time. The fact that a living supporting 
dog can be replaced by the autologous 
liver (Table IV) is certainly important. 
Whatever the stimulatory role of the 
supporting dog is, it can be taken over 
by the liver. Therefore, it appears that 
the presence of the liver in the in vitro 
perfusion system supported by a bubble 
oxygenator, is enough to induce H+ 
secretion by the ex vivo canine stom­
ach when it is stimulated by various 
humoral or cholinergic agents. This cer­
tainly “ narrows” down the problem, but 
it does not solve it. We are conducting 
further studies in this area, particularly 
with liver extracts infused into the per­
fusion system.
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Alkaline Gastric Juice
Finally, what about the gastric juices obtained from the stomachs supported by the bubble oxygenator? These are purely alkaline secretions. Alkaline gas­tric juice is well known to the clinician because he recovers it from patients with pernicious anemia and some gas­tric diseases.19 Alkaline secretions can also be obtained from animals after in­tra-arterial or topical administration of acetylcholine.20'22 Altamirano21 found 
that the concentrations of ions of the “pure” post-acetylcholine alkaline juice were characteristic of an ultrafiltrate of plasma, to which the secretion of mucus cells had been added. The final gastric content was iso-osmotic with plasma. Hollander15 concluded that mucinous secretions obtained after topical ap­plication of acetylcholine had an elec­trolyte pattern essentially the same as that of dog plasma or interstitial fluid. We compared our results with those of Hollander (Table III) and found that alkaline secretions from the ex vivo stomach have a composition approach­ing that of blood plasma. Higher gastric juice Na+ in our series may be caused by the presence of antrum, absent in Hollander’s preparation.15 Of particular interest is the similarity between Cl" in both series (Table III). We may con­clude that alkaline juice obtained in our experiment appears comparable, re­garding the composition of major ions, to non-parietal juice found in human subjects and in dogs studied in vivo,15,17,21 The overall results of our present experiments show that, in a pure gastric secretion obtained from a totally isolated canine stomach, ionic composition is generally similar to that observed in vivo in man and animals.We still do not know why only alka­line juice is produced by the stomachs supported by bubble oxygenators alone. We also do not understand the role played by a supporting dog or an isol­ated liver which, under the experi­mental conditions described, appear to be “factors” conditioning parietal cell to the production of H+, detectable in gas­tric juice.
S u m m a r y
Two perfusion systems were used for the perfusion-oxygenation of totally isolated canine ex vivo stomachs. SystemI contained a living “supporting dog”, which served as an oxygenator-dialyzer of circulating homologous blood. SystemII contained a bubble oxygenator. All stomachs, perfused under System I and stimulated by histamine, histalog, pen- tagastrin, Urecholine, or electrically, secreted gastric juice containing H+ in physiologic concentrations. All stomachs stimulated by the identical agents but perfused under System II secreted pure­ly alkaline juice. This alkaline juice has an ionic composition similar to the ionic composition of plasma of perfusion blood. When stomachs secreting alkaline juice (System II) were rapidly con­nected to the system containing the sup­porting dog (System I), they secreted H + ion. This meant that the insufficien­cy of parietal cells to secrete H +, under System II, was not permanent. Also when the bubble oxygenator was intro­duced between the supporting dog and the ex vivo stomach, we obtained nor­mal H^-containing secretion. When liver plus stomach, en bloc, were placed in the perfusion chamber and perfusion was performed through the bubble oxy­genator, the gastric juice contained HC1. These results suggest that a factor as yet unknown and present in the sup­porting dog or the liver, conditions the parietal cell to respond to humoral and cholinergic agents. It is also possible that the supporting dog or the liver plays the role of a dialyzer in the perfu­sion system described. Further studies are conducted to explain the secretory function of the ex vivo stomach.
We wish to thank Mr. A. Kolodej, Mr. R. Orchard, Mrs. M. McCubbin, Mr. T. Pach- kowski and Mrs. V. Maruszeczka for their valuable technical assistance.
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R esu m e
Dans cette etude de 1’estomac canin comple- 
tement isole, deux systemes differents de per­
fusion ont ete experimentes: le systeme I com- 
portait un “ chien de soutien” vivant qui servait 
de dialyseur-oxygenateur du sang homologue 
circulant. Le systeme II comportait un oxyge- 
nateur par barbotage. Tous les estomacs per­
fuses suivant le systeme I et stimules par 
l’histamine, par Histalog, pentagastrine, Ure- 
choline ou par voie electrique ont secrete du 
sue gastrique contenant H + . Tous les estomacs 
stimules par les memes agents mais dont la 
perfusion etait assuree par le systeme II secre- 
taient un sue purement alcalin, dont la com­
position ionique etait similaire a celle du plas­
ma de sang perfuse. Quand on reliait rapide- 
ment les estomacs secretant du sue alcalin au 
circuit comprenant le chien de soutien, la secre­
tion de H+ apparaissait. Ceci signifiait que 
Tinsuffisance de cellules bordantes (parietales) 
capables de secreter H+ dans le systeme II n’e- 
tait pas permanente. On constata egalement 
que 1’insertion de l’oxygenateur par barbotage 
entre le chien de soutien et 1’estomac ex vivo 
se traduisant par l’apparition d’une secretion 
normale contenant H + . Si, par contre, on pla- 
?ait en bloc et le foie et 1’estomac dans la 
chambre de perfusion et si la perfusion se 
faisait au moyen de l’oxygenateur par barbo­
tage, le sue gastrique contenait du HC1. Ces 
resultats laissent presager qu’un certain fac- 
teur, actuellement inconnu est present, soit 
chez le chien de soutien, soit dans le foie, et 
qu’il declenche dans les cellules parietales la 
capacite de reagir aux stimulants hormonaux 
et cholinergiques. II est egalement possible que 
le chien de soutien ou le foie puisse jouer le 
role d’un dialyseur dans le systeme de perfu­
sion qui est decrit ici.
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PROCEDURE FOR CUTTING METALLIC IMPLANTS IN SITU*
A. BEAUPRE, B.A., M.D., B.Sc.(Med.),
R. W. JACKSON, M.D., M.S., F.R.C.S.[C] and H. GARSIDE,f Toronto, Ont.
W ith  the increasing use of metallic 
implants in orthopedic surgery there 
has been a concomitant increase in the 
number of non-biological or mechanical 
complications such as bending, break­
ing, or loosening of the implants. A l­
though most of these complications are 
best handled by removal or revision of 
the errant appliance, the surgeon is 
sometimes faced with a situation where 
removal or revision would be disadvan­
tageous at that particular time, but 
where excision of a portion of the im­
plant would be sufficient. Also, on oc­
casion, transection of an appliance is a 
necessary first step in its removal. How­
ever, the cutting of any metallic ap­
pliance in situ has never been easy, and 
only two reports on this subject1,2 could 
be found in a review of the English lite­
rature.
We were recently faced with such a 
complication, and the purpose of this 
communication is to describe the labo­
ratory research that was undertaken 
and the clinical experience that was 
gained in solving the problem.
C a s e  R eport
Mrs. G. C., aged 66, came to us in June 
1970 complaining of a painful swelling on 
the posterolateral aspect of her right hip 
which interfered with sitting. Her symp­
toms had been present since April 1969, 
when a Charnley total hip arthroplasty had 
been done for osteoarthritis of the hip. 
Radiographic studies of the right hip 
showed that the distal stem of the femoral 
component was protruding through the 
femoral shaft (Fig. 1). Despite the poor 
anatomical position of the femoral stem, 
the hip joint was pain-free, stable, and had 
a satisfactory range of motion. For these 
reasons, and because the patient refused to 
undergo a major operative procedure, the 
decision was made to amputate the tip of 
the prosthesis rather than revise the ar­
throplasty.
*From the Division of Orthopedic Surgery, 
Toronto General Hospital, Toronto, Ont.
fBiomechanical Consultant.
Fig. 1.—Preoperative radiograph showing the 
distal end of the femoral prosthesis protrud­
ing through the femoral shaft.
Laboratory Investigation
Before proceeding with the actual cutting 
of this prosthesis, various possibilities were 
assessed in the laboratory. Three possible 
ways to cut the prosthesis were investi­
gated: (1) sawing with a reciprocating or 
circular saw, (2) disintegration with a 
vibrating electric arc (Elox), and (3) 
grinding with a rotating abrasive wheel re­
inforced to prevent shattering.
Sawing with either a reciprocating blade 
or a circular saw was slow and difficult be­
cause of the heat produced which caused 
metal expansion and seizing of the blade. 
Disintegration with an Elox unit proved 
difficult to control using a hand-held ins­
trument. Attention was therefore focused 
on grinding. Grinding wheels 1% inches 
in diameter were specially designed and 
fabricated from fibreglass cloth, impreg­
nated with resin containing fine carborun­
dum particles. The fibreglass base proved 
essential to prevent fracturing or shatter­
ing of the wheel during use (Fig. 2). In 
tests, the femoral stem of a Charnley total 
hip prosthesis (type 316 stainless steel)
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Fig. 2.—Grinding wheels of 1.5 inches diameter made from fibreglass cloth, impregnated 
with resin containing fine carborundum particles.
could be cut 4 cm. from its tip, in less than 
four minutes, using an air-powered high­
speed drill, operating at 19,000 rpm. During 
cutting, 50% of the wheel diameter was 
worn away. The temperature of the prosthe­
sis could be well controlled by a constant 
stream of cold (4° C.) saline.
Surgical Procedure
On July 8, 1970, under general anesthesia 
the protruding stem of the prosthesis was 
exposed through a lateral incision. A plastic 
drape (Vidrape) was used to protect the 
surrounding soft tissues. An irrigation 
system using sterile cold saline was set up 
to cool the prosthesis and the cutting wheel 
(Fig. 3). The wheel was autoclaved and 
fixed to a high-speed air-powered drill. The 
distal 4 cm. of the prosthesis was then tran­
sected by bringing the grinding wheel into 
contact with the prosthesis at 90° to its 
long axis. The speed of the drill was kept 
between 10,000 and 30,000 rpm and the 
stem was resected within four minutes. The 
cooling irrigation system served to minim­
ize heat generation and also flushed away 
the metallic dust (Fig. 3).
In an effort to improve the mechanical 
stability of this hip joint, a tension band of 
16 gauge wire was added from a notch 
ground into the tip of the remaining stem 
of the prosthesis to a cortical screw in­
serted more distally. Additional bone ce­
ment (methyl methacrylate) was' then 
packed around the femoral stem and the 
wire. The postoperative radiologic examin­
ation showed a satisfactory position of the 
hip joint and adequate fixation of the 
femoral prosthesis (Fig. 4).
On follow-up, the patient was relieved of 
her symptoms and pleased with her appear­
ance. However, the stability of this hip 
joint and the prognosis of this pathological 
Charnley total hip arthroplasty will only 
be determined with the passage of time.
D is c u s s io n
The classical methods o f cutting me­
tal involve either sawing, chiselling, 
shearing or grinding techniques. A l­
though hacksaws have sometimes been 
used in desperate surgical circum stan­
ces in the past, excessive amounts o f 
energy and time were consumed, and in 
most instances the anatomical location 
o f  the metal implant usually precluded 
the proper use o f such a saw. Recent 
metallurgical developments have made 
cold chiselling a very d ifficult process, 
and m ost modern implants are fa r  too 
sturdy to be transected by any metal 
cutting shears that are sufficiently  
small enough to be used in situ. Alm ost
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Fig. 3.—The protruding stem of the prosthesis exposed through a lateral incision. A plastic 
drape protects the surrounding tissues. The tip of the prosthesis was amputated under a constant 
stream of cold saline to minimize heat production.
by exclusion, therefore, grinding be­
comes the method of choice.
Fig. 4.—Postoperative radiograph showing 
an attempt to improve the mechanical stability 
of the arthroplasty by the addition of a tension 
band of 16 gauge wire. Bone cement was also 
packed around the femoral stem and the wire.
Kessler and Simonson,1 in 1954, suc­
cessfully used a metal disc, with an 
abrasive band of diamond dust around 
its edge, to cut the stem of a vitallium 
hip prosthesis. In 1970 Bielejeski and 
Garrick2 reported their experience in 
cutting a bent intramedullary nail using 
a dental cutting disc.
The method that we have described 
has several advantages over previously 
published methods of cutting metal in 
situ. Diamond discs are expensive and 
wear quickly, leading to increased fric­
tion (and heat production) as the cut­
ting edges are abraded. An inexpensive 
expendable disc, which consistently 
presents a fresh cutting edge as the ma­
terial is worn away, avoids these prob­
lems. Moreover, heat production is min­
imal because of the high speeds and the 
consistently sharp cutting action of the 
wheel, which avoids friction.
Also, when any rigid metallic disc is 
rotated at high speeds, the disc may 
shatter if the blade is even slightly bent 
during application. The risk of small
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sharp metallic fragments flying about 
the operating room at tremendous 
speed is therefore considerable.
The use of a resin-reinforced fibre- 
glass disc, which cannot break even if 
bent, obviates the risk of fragmentation 
at high speeds.
One aspect of this new concept still 
requires further investigation and that 
is whether or not debris from the ex­
pendable cutting disc or from the cut 
metal will produce any long-term ad­
verse effect in tissues. For this reason, 
great care must be taken to protect the 
surrounding soft tissues from the de­
tritus, and the area must be thoroughly 
flushed with saline before closure.
S u m m a r y
An improved method of cutting a me­
tallic implant in situ is presented. A re­
sin-impregnated carborundum wheel, 
protected against fracturing by fibre­
glass cloth, was used to transect the fe­
moral stem of a protruding Charnley 
total hip prosthesis. This type of cutting 
wheel is inexpensive, produces less heat, 
and is safer and more efficient than 
previously described methods.
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R e s u m e
Les auteurs presentent un nouveau moyen 
de couper un implant metallique in situ. Us ont 
utilise un disque de carborundum impregne de 
resine et protege contre tout risque de frac­
ture par un tissu de fibre de verre, pour sec- 
tionner la portion femorale d’une prothese 
(hanche totale) de Charnley qui faisait saillie. 
Ce type de disque tranchant est un peu eou- 
teux, chauffe moins et est plus sur et plus ef- 
ficace que les niethodes anterieures.
IMPORTANT NOTICE
Effective May 1, 1972, the editorial office of the 
Canadian Journal of Surgery will be located at 
C.M.A. House, 1867 Alta Vista Drive, Ottawa, 
Ont. The postal address will be: P.O. Box 8650, 
Ottawa, Ontario K1G 0G8.
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COLD-INDUCED DIGITAL EPIPHYSEAL NECROSIS IN CHILDHOOD 
(SYMMETRIC FOCAL ISCHEMIC NECROSIS)
ROBERT W . HAKSTIAN, M.D., M.Sc., F.R.C.S.[C],* M ontreal, Que.
E x p o s u r e  of the hands to low tempera­
tures generally produces injury first to 
skin and subcutaneous soft tissues, then, 
if prolonged, to nerve and skeletal struc­
tures. Usually the more distal compo­
nents sustain greater damage because, 
at the extremities, the skeletal blood 
supply is virtually subcutaneous while, 
more centrally, insulating layers of fat 
and muscle intervene.
Although the effects of cold on most 
tissues are the same in the child as in 
the adult, cold injury at bone level in 
the growing hand differs greatly from 
that in the adult hand. The difference 
concerns the digital growth area, which 
includes the epiphysis and physis, and 
also the articular cartilage and meta- 
physis (Fig. 1). Although, in children’s
Fig. 1.—The normal structural arrangement 
in the growing digit.
fingers, frostbite may produce the same 
acromutilation and late osteoporotic 
changes as those seen in adults, the prin­
cipal injury in childhood occurs at the 
juxta-articular level and particularly at 
the bony and cartilaginous epiphyses.1
The purpose of this paper is to de­
scribe the clinical and radiologic criteria 
by which Canadian practitioners in par­
ticular may diagnose this relatively rare 
and poorly classified condition.
‘ Chief, Division of Plastic Surgery, St. Mary’s 
Hospital, Montreal, and Hand Surgeon, St. 
Luc Hospital, Montreal, Que.
I n c id e n c e  a n d  E tio lo gy
Children of both sexes are equally 
susceptible. The absolute incidence is 
unknown chiefly because of classifica­
tion and coding problems. Because the 
condition is often not recognized for 
what it is, the definitive diagnosis is 
seldom made. In hospital files the de­
formities are often attributed to vague 
growth disturbances. However, the fre­
quency of focal ischemic necrosis of the 
digital epiphyses in established frostbite 
is probably about 30%. While every in­
stance of frostbite is not complicated by 
growth-centre involvement, cold injury 
to the growth centres may occur with­
out the usual skin changes seen in ex­
posure injury. Therefore, in children, 
even though the causative exposure 
event may have to be inferred one can 
usually diagnose growth-centre injury 
from the clinical and radiologic findings 
alone.
C l in ic a l  E n t it y
Commonly both parents and child re­
member the exposure that produced the 
injury. It may have been marked by 
skin changes with redness, blistering, 
sloughing, and healing, and perhaps by 
loss and subsequent regrowth of the fin­
ger nails.2 Six to eight months later the 
child complains of dull aching finger 
pain and occasionally some slight de­
crease in cold tolerance. At this point 
parents note angulatory deformities of 
some digits and seek advice.3 Clinically 
the pain is in the joints, particularly the 
distal interphalangeal joint (d.i.p.) but 
also at the proximal interphalangeal 
joint (p.i.p.) and the pain is worse when 
the barometer is falling.4 The index, 
ring and little fingers are most often in­
volved. The middle finger is less fre­
quently involved because of its relatively 
protected position and the thumb, be­
cause of its strong circulation, is vir­
tually never involved.5
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Fig. 2--Viewed laterally the volar angulation of the distal phalanges and the secondary 
• yPerextension of the middle phalanges become evident. Involvement is more severe on the right m this 8-year-old child.
Fig. 3.—Dorsal view of the hand. Involvement is more severe on the right. Shortness of the 
digits is obvious especially of the right middle finger. Radial deviation of the distal phalanx is 
evident (left index). Increased finger width is particularly notable at joint levels.
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Examination reveals lateral and volar 
angulation of the involved distal phal­
anges. The terminal phalanx of the in­
dex finger often inclines toward the 
radius while the little and ring fingers 
may deviate to the radius or the ulna. 
The hands are weaker than normal and 
there is less finger dexterity. Later ex­
aminations reveal that growth has been 
retarded because the involved fingers 
are shorter than normal.6 An appear­
ance of stubbiness is real and is caused 
by an increased width and girth, es­
pecially at the joints (Figs. 2 and 3).
The condition slowly progresses over 
several years with occasional flare-ups 
of pain severe enough to require oral 
analgesics. Eventually the pain resem­
bles that of osteo- or post-traumatic 
arthritis. There are no particular neu­
rologic complaints and, on testing, there 
is no permanently diminished sensation 
or increased sweating. There is limited 
usefulness of the hands and these pa­
tients have restricted digital skill. Usu­
ally, however, prehensile movements 
are not severely affected and the most 
marked loss is in the strength of the 
fingers and the useful joint amplitude. 
The deformities may become exagger­
ated and the hands require special treat­
ment both for functional and cosmetic 
reasons.
Radiologic E x a m in a t io n
Both hands should be examined and 
the physician should also obtain films 
of the entire upper limb and feet. The 
radiographic appearance of the hands 
is typical and, although it may resemble 
that seen in several other lesions, the 
differential diagnosis is narrow (vide 
infra), and only when a history of cold 
exposure is lacking would the physician 
search for other causes.
The early changes (six to 12 months 
after injury) include an accentuation 
of the trabecular pattern and a slight 
generalized bone atrophy giving a moth- 
eaten appearance to the finger ex­
tremities (Fig. 4). The most marked le­
sions are at the d.i.p. joints where the 
bony epiphyses of the distal phalanges
Fig. 4.—The slight generalized bone atrophy 
and accentuation of the trabecular pattern give 
a moth-eaten appearance to the phalanges.
may be partially or completely absent. 
A tiny fragment of this secondary os­
sification centre may remain. The head 
of the middle phalanx appears widened 
and flattened and may show punched- 
out irregularities or even complete des­
truction. The joint space usually ap­
pears somewhat narrowed (Figs. 5 and 
6 ) .
A similar image is seen at involved 
p.i.p. joints but the changes are less sev­
ere. Lesions at this level never develop 
without d.i.p. joint involvement. The 
basal epiphysis of the middle phalanx 
may be smaller than normal but the 
metaphysis is wider. There may be irre­
gularities in the proximal phalanx head 
indicating bone necrosis deep to the ar­
ticular cartilage.
Later radiographs will demonstrate 
the varus or valgus angulation deform­
ities seen clinically. These are often as­
sociated with premature fusion of a 
part of the epiphyseal line.5 The inter- 
phalangeal joint spaces, particularly the 
distal, are narrowed and the bone mar-
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Fig. 5.—At the d.i.p. joint levels partial and complete absence of the distal phalanx epi­
physes is noted. In addition, destruction of subchondral (articular) bone is evident particularly 
in the region of the middle phalanx heads.
gins are flared. Similarly the metaphy- 
ses are widened. The radiographic pic­
ture comes to resemble that of erosive 
arthritis (Figs. 7 to 9 ).
Ot h e r  I n vestig atio n s
There are no specific positive labora­
tory findings.7 Cold agglutinins, cryo-
Fig. 6.—The hand of this 9-year-old child shows irregularities of the juxta-articular bone. 
Joint space is maintained in some instances and not in others at the d.i.p. joint level.
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Fig. 7.—Later changes in the radiologic appearance of hands involved in physeal and epi­
physeal destruction. Radial deviation of the right index and the left index, long, and ring finger 
distal phalanges is noted. The middle phalanx head destruction is also clearly evident.
Fig. 8.—Lateral views showing the flattening of the middle phalanx heads, shortening of 
the middle and distal phalanges, and irregularity of the proximal phalanx heads. Absence of 
the distal phalanx bony epiphyses is also noted.
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Fig. 9.—New bone formation in the juxta- 
articular location causes an increase in thick­
ness and girth of the bony components.
globulins, and cryofibrinogens have not 
been demonstrated. The sedimentation 
rate is normal and the rheumatoid fac­
tor reaction is negative. Arteriography 
has not shown any pre-existing abnor­
mality and, apart from some tortuosity 
of the terminal digital arteries which 
may or may not be significant, arterio­
grams are normal.3,8
P a t h o g e n e s is
The present consensus is that prolon­
ged cold exposure in childhood has a di­
rect lethal effect on the chondrocytes of 
the physis and those of the articular 
cartilage. This effect is demonstrated 
by loss of staining properties of the 
chondrocyte nuclei, darkening, shrivel­
ling, and finally absorption of the car­
tilage. Ischemia added to this produces 
osteocyte death and bone necrosis of the 
epiphyses per seA 9 In cold injury to the 
extremities, microcirculation fails ra­
pidly. Capillary venular blood flow 
stops and massive thrombi form and 
produce osteocyte necrosis, especially in 
areas that do not have an extraosseous 
circulation.10
Interference with the physis by direct 
chondrocyte death alters both apposi- 
tional and interstitial growth patterns 
and produces the angulatory and in­
creased bone-width deformities noted 
above. If all of the physis dies, there 
will be premature fusion of the primary 
and secondary epiphyses with resulting 
shortening of the phalanx and total 
digit. If only part of the epiphyseal car­
tilage is destroyed, there will be a pro­
gressive angulation towards this side of 
the phalanx as growth continues on 
the other side (Fig. 10).
Loss of the bony epiphysis on the one 
side of the d.i.p. joint and of the sub­
chondral (articular) bone of the cor­
responding phalangeal head produces 
overall juxta-articular shortening. In­
complete extension of the distal phalanx 
results from the relatively lengthened 
extensor tendon, and the flexion de­
formity so created is further aggravated 
by the strong flexor profundus pull. 
Extension effort is transferred to the 
middle phalanx where a hyperextension 
deformity may develop.
D if f e r e n t ia l  D ia g n o s is
Many bone dysplasias and dystro­
phies can be eliminated easily because 
they involve most of the skeleton or at 
least most of the tubular bones and not 
just the extremities. However, certain
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systemic conditions may occasionally 
manifest themselves only in the distal 
parts of the hands and feet or have an 
atypical distribution. Although rigid 
classifications have been proposed, the 
essential point in the differential diag­
nosis is that the physician consider the 
normal variants, and the dysplasias and 
dystrophies that affect the limb extrem-
Fig. 10.—Pathogenesis and evolution of cold- 
induced digital epiphyseal necrosis.
ities and in particular the juxta-articu- 
lar sites. 1 1 ,13 Physiologic sclerosis of the 
epiphyseal ossification centres is a var­
iation of normal growth, and fusion is 
often not symmetric. It is usually gen­
eralized but may be restricted to the 
digits. It rarely leads to any loss of 
finger or hand function.
Two forms of dysplasia should be 
considered. 11' 13 Epiphyseal dysplasia, of 
course, has an intrinsic cause and, while 
these lesions are usually generalized, 
they may involve the peripheral joints 
only. In multiple epiphyseal dysplasia, 
abnormal or multiple epiphyseal ossifi­
cation centres develop and produce 
flaring of the ends of the phalanges. 
The involved digits are short and stub­
by and the abnormal ossification centres 
may fuse prematurely. Because irregu­
larities in the articular surfaces are 
common, degenerative arthritis fre­
quently develops early in life.
Physeal dysplasia and combined phy- 
seal and epiphyseal dysplasia are poten­
tial entities but they are not recognized 
in standard classifications. 12
The remainder of the lesions consi­
dered in the differential diagnosis may 
be viewed as dystrophies because the 
causes are extrinsic and interfere with 
bony nutrition, directly or indirectly.
All bones may not be affected, depend­
ing on the nature of this interference. 
In vitamin or mineral deficiencies, the 
bony changes will be generalized. The 
present discussion concerns only those 
extrinsic causes that act at local or re­
gional levels only. Specifically, the fol­
lowing forms of ischemic necrosis must 
be considered:
Epiphyseal ischemic necrosis is basic­
ally a degenerative process with even­
tual replacement of the osseous nucleus 
of an epiphysis because of interference 
with the blood supply. Such a localized 
phenomenon may occur in bone infection 
involving the epiphysis or in osteochon­
dritis.13’ 14 Osteochondritis or osteochon­
drosis is a form of avascular necrosis, 
and the process in the digital phalangeal 
epiphyses is similar to that seen in other 
bony sites, e.g. femoral head—Legg- 
Perthes disease; second metatarsal— 
Frieberg’s disease; carpal lunate— 
Kienboeck’s disease. The cause is de­
creased blood supply secondary to either 
trauma with sustained vessel spasm or 
even interruption, vascular disease, or 
thrombosis etc. The distribution of the 
bony lesions seems to depend on some 
special vulnerability of the vasculature 
or on an increased tissue demand which 
is unsatisfied at a particular moment. 
Most such cases occur in late childhood. 
In overt instances of ischemia (Volk- 
mann’s) similar epiphyseal changes de­
velop, of course.
Clinically, this necrosis produces ar­
ticular pain and reduced amplitude of 
the involved joints. Radiographic exam­
ination shows fine calcific stippling and 
changes in the density of the phalangeal 
epiphyses. There may be subchondral 
surface irregularities and loss of bony 
contour. One or several epiphyses are 
usually involved, with no particular bi­
lateral pattern.
Physeal ischemic necrosis may occur 
after trauma to the region of the epi­
physeal cartilage and usually one spe­
cific digit is involved. A fracture or dis­
location at the physis will produce sub­
sequent growth changes including par­
tial or complete arrest, and premature
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COLD INDUCED DIGITAL 
EPIPHYSEAL NECROSIS
—  KIRNER'S DEFORMITY
/ \ ^ — THIEMANN'S DISEASE
Fig. 11.—The distribution of cold-induced digital epiphyseal necrosis, Kirner’s deformity, 
and Thiemann’s disease is compared. The latter two are probably genetically determined 
conditions.
fusion of the primary and secondary 
epiphyses with resulting shortness or 
angulation. Non-traumatic physeal nec­
rosis (epiphysiolysis), which was de­
scribed first by Kirner in 1927, begins 
between 8 and 14 years of age. Girls are 
affected twice as often as boys. Involve­
ment is usually bilateral.13,15‘ 16
Clinically, in Kirner’s deformity, 
there is a slowly progressing deformity 
of the little fingers with volar and radi- 
alward angulation of the distal phalan­
ges to the extent of 40° to 50° (Fig. 11). 
The d.i.p. joints appear clubbed and 
there is diminished amplitude of move­
ment. The condition is painless and 
there are no neurologic changes. Radio- 
logically a broadened distal phalanx 
bony epiphysis does not fuse with the 
primary ossification centre. The dia­
physeal cortex is thin on the radial and 
volar aspects. This condition, which is
due to an inherited defect, may produce 
some limitation of digital dexterity but 
there rarely is a necessity for surgery.
Combined epiphyseal and physeal 
ischemic necrosis represents the third 
major category of the dystrophies. Here 
one includes those dystrophies caused by 
a direct primary lethal damage to the 
cartilage of the epiphyseal plate and a 
secondary vascular impoverishment of 
the other juxta-articular tissues, viz. 
the bony epiphysis, the head of the 
more proximal phalanx, and the articu­
lar cartilages. In this category must be 
included cold-induced focal ischemic 
necrosis (vide supra) and Thiemann’s 
disease.13, “ * 17‘19 The latter condition is 
considered by some to be simply an 
osteochondrosis of the secondary pha­
langeal epiphyses akin to the ischemic 
conditions seen in other bones.20 How­
ever, some features of this disease are
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absent in digital osteochondrosis. A his­
tory of cold exposure is uncommon. In­
deed some consider it to be a hereditary 
disease.18,19 Clinically slight finger joint 
swelling and mild pain begin in late 
childhood (12 to 13 years). The condi­
tion is usually bilateral and involves 
most frequently the middle fingers al­
though any and all fingers may be im­
plicated. The big toes and other joints 
may also be involved. The most common 
site for such swelling is the middle fin­
ger p.i.p. joint. The d.i.p. and meta­
carpophalangeal joints are involved 
much less often. The distribution is just 
opposite to that seen in cold-induced 
digital epiphyseal necrosis (Fig. 11). 
Growth is retarded and the affected 
digits are shortened. The joints are 
widened but angulation is uncommon. 
Joint function is maintained.
On radiologic examination the most 
striking changes are at the base of the 
middle phalanx. Here the bony epiphy­
sis is small or even absent. It may reap­
pear just before growth stops. In addi­
tion there is a deformity at the site of 
the epiphyseal cartilage. Instead of 
having the usual form, the physis is 
meniscus-shaped (thin centrally and 
thicker at the edges). Growth is lateral 
rather than longitudinal and produces 
the widened joints noted clinically. 
Likewise the metaphysis is widened. 
Similar changes are seen at the base of 
the proximal phalanx but very rarely at 
the d.i.p. joints. This disease probably 
involves defects in both the bony and 
cartilaginous epiphyses.
A final form of dystrophy, which re­
sembles most closely cold-induced digi­
tal epiphyseal necrosis, is that resulting 
from irradiation.21 The clinical, radio- 
logic, and evolutional features are sim­
ilar but there should be little difficulty 
in establishing the relationship between 
the onset of the phalangeal lesions and 
the exposure to radiation.
Some miscellaneous conditions may 
present a picture not dissimilar to the 
necrosis in question. Congenital syphilis 
may produce an epiphyseal osteochon­
dritis. Interference with the normal
transformation of cartilaginous tissue 
into bone and the physeal level lead to 
widening and irregularity here and at 
the metaphysis. This should not be con­
fused with syphilitic dactylitis which in­
volves the diaphysis. Certain bone tu­
mours may present a radiologic appear­
ance not unlike that seen in cold-in­
duced necrosis, viz. lymphoid and mye­
loid leukemia.22
T r e a t m e n t
Early Management
Although the degree and duration of 
cold exposure probably determine the 
extent of physeal and articular chondro­
cyte destruction the ischemic effects can 
be modified by adequate initial care. 
Early treatment includes proper re­
warming, and re-establishment and pre­
servation of normal blood flow.
Interim Management
The patient must be followed at reg­
ular intervals for clinical and radio- 
logic reappraisals. Conservative treat­
ment includes mild oral analgesics and 
night splints to correct passively the 
angulatory deformities. Dynamic day­
time splints are poorly tolerated by chil­
dren. The physiatrist will teach the 
child how to avoid excessive stresses on 
the involved joints and how to reinforce 
weak muscle groups. Certain manual 
activities such as playing musical in­
struments may have to be disallowed. 
In the intermediate stages operation 
should be reserved for marked devia­
tions in patients who have lost manual 
dexterity to a considerable degree. Here 
epiphysiodesis of the functioning por­
tion of the physis before growth is com­
plete will prevent further angulation. 
Naturally this procedure should be de­
layed as long as possible to allow maxi­
mum growth.
Late Management
Operations will be necessary to cor­
rect volar angulation and valgus and 
varus deviation. For the purpose of fol­
low-up it is important to record the de-
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gree of arthritis present in the involved 
joints and the amount of painless pas­
sive and active movement.
Extensor tenorrhaphy may be needed 
to overcome the mallet-finger deformi­
ties of the distal phalanges. Section of 
the medial band of the extensor appara­
tus at the base of the middle phalanx 
should correct, at least partially, the 
dropped tip and hyperextension at the 
p.i.p. level. Palmar d.i.p. joint capsulor- 
rhaphy may also be indicated.
Angulatory deviations must be cor­
rected either by wedge osteotomy or 
arthrodesis, depending on the state of 
the joints and the juxta-articular struc­
tures. Severely damaged and painful 
arthritic joints are best dealt with by 
fusion in the best possible position for 
the particular digit.
S u m m a r y  a n d  C o n c l u s io n s
Cold-induced digital epiphyseal nec­
rosis, a lesion of growing hands, occurs 
in cold climates in children whose hands 
have been unduly exposed usually be­
cause of carelessness in dress. Hence, 
it is less common in the very young who 
are supervised and in older children 
than in the intermediate age group. The 
sex incidence is equal.
The synonym, symmetric focal ische­
mic necrosis, is somewhat inaccurate 
because the condition is often asymme­
tric and ischemia per se is only one 
element in the etiology. The term cold- 
induced digital epiphyseal (bony and 
cartilaginous) necrosis is therefore sug­
gested.
The lesions appear six to eight 
months after exposure and a history of 
frostbite may be lacking. The condition 
involves most frequently the d.i.p. joints 
of the index, ring, and little fingers be­
cause these are the least protected. The 
middle finger is involved less often, and 
the thumb virtually never. Proximal in- 
terphalangeal joint involvement is less 
common and metacarpophalangeal le­
sions are rare. The condition is a dy­
strophy and has two distinct compo­
nents : primary destruction of the more 
susceptible chondrocytes and secondary
ischemic necrosis of osteocytes. These 
are lesions of both the cartilaginous and 
bony epiphyses, and also necrosis of ar­
ticular cartilage and subchondral bone. 
A distinction must be made between 
cold-induced necrosis and other forms 
of epiphyseal necrosis where only the 
bony epiphysis is involved (osteochon­
drosis or osteochondritis), physeal nec­
rosis alone (Kirner’s deformity) and 
Thiemann’s disease. The distribution of 
joint involvement is quite different 
among these various conditions. The 
condition most closely resembles irra­
diation injury in growing hands.
The clinical symptoms are initially 
joint pain and restricted movement. 
Later, angulatory deformities, arrested 
growth with shortness, and weakness of 
the fingers may restrict the child’s 
manual activities.
Most children need little or no sur­
gical treatment. For those who require 
corrective surgery, several simple pro­
cedures are used such as epiphyseal ar­
rest, arthrodesis, and angulatory osteo­
tomies, as well as tenorrhaphies and 
capsulorrhaphies.
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R esume
La necrose epiphysaire causee par le froid 
des doigts est une lesion provoquee par une 
exposition excessive au froid des mains de 
l’enfant insuffisamment protegees. Cette le­
sion est done moins frequente chez le bebe qui 
est bien surveille et chez les plus vieux que 
chez les enfants entre ces deux groupes d’age. 
La frequence de la lesion est la meme dans 
les deux sexes.
L’appellation synonyme, necrose ischemique
focale symetrique est quelque peu erronee 
parce que la pathologie est souvent asyme- 
trique et que l’ischemie, comme telle, n’est 
qu’un facteur de l’etiologie. Nous proposons 
done le terme de necrose digitale epiphysaire 
(osseuse et cartilagineuse) provoquee par le 
froid.
Ces lesions apparaissent dans un delai de 
six a huit mois apres l’exposition au froid et 
l’antecedent d’engelure peut faire defaut. La 
pathologie frappe le plus souvent les articula­
tions distales interphalangiennes de 1’index, 
de l’annulaire et de l’auriculaire qui sont les 
moins proteges. Le medius est touche moins 
souvent et le pouce virtuellement jamais. L’at- 
teinte de l’articulation interphalangienne 
proximale est moins frequente et les lesions 
metacarpophalangiennes sont rares. Cette 
pathologie est une dystrophie qui comporte 
deux elements distincts: destruction primaire 
des chondrocytes les plus sensibles et necrose 
ischemique secondaire des osteocytes. II y a 
des lesions des epiphyses cartilagineuses et 
osseuses et en plus de la necrose du cartilage 
articulaire et de l’os subchondral. La patholo­
gie s’apparente etrangement a la lesion par 
irradiation des mains en voie de croissance. II 
importe de faire la distinction entre la necrose 
provoquee par le froid et d’autres formes de 
necrose epiphysaire ou la seule epiphyse os­
seuse est atteinte (osteochondrose ou osteo- 
chondrite), la necrose isolee du physis (diffor- 
mite de Kirner) et la maladie de Thieman. La 
distribution de l’atteinte articulaire est tres 
differente entre ces diverses pathologies.
Au debut, le probleme therapeutique eonsis- 
te a soulager la douleur articulaire et a ame- 
liorer la limitation des mouvements. Ulterieu- 
rement, les difformites angulatoires, l’arret de 
la croissance accompagne de petitesse et de 
faiblesse des doigts peuvent affecter l’agilite 
manuelle de l’enfant.
Chez la majorite des enfants, le traitement 
chirurgical est inutile ou est reduit au mini­
mum. Quant a ceux qui doivent subir une ope­
ration correctrice, plusieurs methodes simples 
peuvent etre employees, notamment interrup­
tion de la croissance epiphysaire, arthrodese, 
osteotomies angulatoires, tenorraphies et cap- 
sulorraphies.
*
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EFFECTS OF HYPOTHERMIA AND METHYSERGIDE ON RECOVERY 
FROM EXPERIMENTAL PARAPLEGIA*
W . MICHAEL HOWITT, B.A., M.D. and IAN  M. TURNBULL, M.D., F.R.C.S.[C],
Vancouver, B.C.
N eurologic  recovery from spinal in­
juries can be improved experimentally 
by treatment. Intravenous urea,1 syste­
mic steroids,2 and local cord hypother­
mia2"4 have all proved beneficial in the 
laboratory animal. The present study 
was designed to observe the effect of 
hypothermia on the clinical, microvas- 
cular, and histologic changes in the rab­
bit after spinal cord injury.
Serotonin is released in the central 
nervous system of experimental animals 
after injury. Serotonin injected into the 
central nervous system causes both ede­
ma and neural damage.5,6 Levels of sero­
tonin in human cerebrospinal fluid rise 
following spinal injury.7 For these 
reasons the present study was extended 
to evaluate the effect of an anti-seroto­
nin agent in experimental spinal inju­
ries.
M a t e r ia l s  a n d  M e t h o d s
Thirty-two female rabbits were anes­
thetized with sodium pentobarbital. The 
thoracolumbar area was prepared, 
draped, and infiltrated with 1% lido- 
caine. The lower-thoracic upper-lumbar 
cord was exposed. A 5-g. weight was 
dropped 10 cm. down a steel tube on to 
a 3.5 x 8.0-mm. rounded cornered rec­
tangular impounder in firm contact 
with intact dura. This 50 g./cm. force 
(gcf) had been shown previously to 
cause partial paraplegia in rabbits.8,9
After injury, 17 animals were se­
lected at random to receive local hypo­
thermia. This began 15 minutes after 
injury. The exposed damaged cord and 
immediate adjacent tissue were cooled by 
perfusing them with iced saline from a 
reservoir at 50 ml./min. The operative- 
site pool was kept at a constant volume 
by removing 50 ml./min. by siphoning.
*From the Division of Neurosurgery, Faculty 
of Medicine, University of British Columbia, 
Vancouver General Hospital, Vancouver, B.C. 
Supported by Medical Research Council of 
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The cooling continued for one to three 
hours. The perfusing saline temperature 
averaged 7° C.
Three animals were cooled for one to 
two hours before injury. Treatment was 
continued for one hour after injury. 
Twelve control animals were injured but 
not treated. Clinical assessments were 
made daily of all animals.
Eight of the rabbits treated after in­
jury were sacrificed at two days, and 
nine at seven days. The rabbits treated 
before injury were sacrificed at two 
days. One-half the controls were killed 
at two days, one-half at seven days.
At the time of sacrifice, the rabbits 
were prepared for microangiographic 
studies using techniques described pre­
viously.8, 9 Spinal cords were removed 
and fixed in 10% formalin for one 
week. Multiple sections were taken and 
radiographs made. These sections were 
then embedded, recut, and stained with 
hematoxylin and eosin, Luxol fast blue, 
and Glees and Marsland silver stain.
To study the effect of methysergide 
(Sansert, Sandoz Pharmaceuticals, Dor- 
val, Que.), an anti-serotonin agent, 30 
rabbits were injured with a 50 gcf. F if­
teen had been randomly selected to re­
ceive 1.0 mg./kg. methysergide intra­
muscularly one hour before injury. The 
investigator injuring the cord had no 
knowledge of which animals were pre­
treated.
Postoperative treatment was conti­
nued in these 15 as follows: methyser­
gide 1.0 mg./kg. every six hours for 
three days; every eight hours for three 
days; every 12 hours for three days; 
once daily for three days. All animals 
received antibiotics postoperatively and 
were clinically assessed regularly. 
Motor function was graded as follows: 
Grade 1— paraplegia; Grade 2— some 
spontaneous movement; Grade 3—  
strong movement of hind limbs; Grade
4—  able to stand or hop or walk; Grade
5—  normal. Assessments were made
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Fig. 1.—(A) Normal microangiogram of a cross-section of a rabbit’s thoracic spinal cord. 
Note the relative abundance of vessels in the grey matter. (B) Same section stained with 
Luxol fast blue showing normal architecture. The defect in the anterior columns is an arte­
fact (X 26).
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Fig. 2.—(A) Microangiogram of a cross-section from a rabbit’s spinal cord injured with a 
50 gcf and then treated with local cord hypothermia seven days earlier. Note the large area 
with no filled vessels to the right centre and the general disruption. (B) Luxol fast blue stain 
of the same section showing the necrosis of tissue. This necrosis is noted in areas without 
filled vessels but also in areas with filled vessels showing that the microvasculature is relatively 
resistant to trauma. There was no difference between treated and control animals in the 
microangiograms or stained sections (X26).
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without knowledge of treatment groups. 
After two weeks the cords were re­
moved and processed as described pre­
viously except that no microangio- 
graphic studies were performed.
Ten dogs weighing 9 kg. to 13 kg. 
were subjected to laminectomy and a 
cord injury of 400 gcf was delivered. 
Five dogs were given methysergide 
4 mg./kg. intravenously two hours after 
injury and continued on this drug in de­
creasing dosages for 12 days. Again, 
antibiotics were given postoperatively 
and regular clinical assessments were 
made. Two weeks after injury the cords 
were removed and studied histological­
ly.
Results
Rabbits
Cooling produced the following re­
sults: (1) of the rabbits killed at two 
days, four of eight receiving hypother­
mia recovered well or moderately well 
and four remained paraplegic or died; 
(2) of the rabbits killed at seven days, 
four of nine treated animals recovered 
well or moderately well, the remaining 
five became paraplegic or died; (3) of 
the three rabbits receiving “ pre-injury” 
hypothermia, one recovered moderately 
well, one remained paraplegic, and one 
died; (4) in the control group, four of 
eight recovered well or moderately well 
with four remaining paraplegic or dy­
ing.
Histologic and microangiographic 
studies of the spinal cords of these rab­
bits showed a central area in which 
both neural and vascular elements were 
necrotic; this was surrounded by dam­
aged neural tissue in which the vascu­
lature was intact (Figs. 1 and 2). His­
tologically or microangiographically we 
could detect no difference between 
treated and control groups.
Of the 15 rabbits treated with methy­
sergide and 15 controls, four treated 
and three controls did not survive the 
first few postoperative days. The re­
maining rabbits were assessed regularly 
for the two weeks until sacrifice. Vir­
tually all showed some spontaneous
hind-limb movement within one day af­
ter operation, but in most cases this was 
minimal.
The average clinical grade for treated 
rabbits was 2.1 immediately after in­
jury. This improved to 2.9 after two 
weeks. Controls averaged 2.4 just after 
injury, improving to 5.0.
Matched pair analysis10 showed that 
treated rabbits were not significantly 
better than controls. However, it was 
apparent that several treated rabbits 
had made relatively greater neurologic 
improvement than untreated rabbits, 
although the eventual neurologic level 
was the same for both groups. Histol­
ogic comparison of the two groups 
showed no consistent differences.
Dogs
The average grade for dogs receiving 
methysergide was 3.0 just after injury. 
This improved to 5.0 after two weeks. 
Control animals averaged 3.9 just after 
injury, improving to 5.0.
One treated dog died soon after oper­
ation. In general, dogs receiving large 
amounts of methysergide were consi­
derably sicker than the controls after 
operation as judged by their poor feed­
ing, general depression, and lack of in­
terest in their surroundings. As with 
the rabbits, there was no eventual dif­
ference neurologically between treated 
animals and controls. Again, however, 
treated animals had a relatively greater 
neurologic improvement because initial­
ly they were more impaired.
D iscussion
Allen11 injured dog spinal cords with 
a constant force and stated that two fac­
tors had to be considered: first, the 
direct injury from impact; second, the 
outpouring of serum and blood causing 
both pressure on nerve elements and 
biochemical irritation and destruction. 
He recommended a median longitudinal 
incision through the injured area to al­
low drainage and minimize “ factor 
two” damage.
Freeman and Wright,12 using similar 
methods, showed that wide pial incision 
with debridement of necrotic tissue and
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blood was of benefit in experimentally 
injured animals. However, McVeigh,13 
after crushing dogs’ cords with his fin­
gers, stated that opening membranes 
after injury caused a herniation of neu­
ral elements, thus damaging otherwise- 
intact structures.
Joyner and Freeman,1 using dogs, 
showed that immediate post-injury 
treatment with intravenous urea, 1 g./ 
kg., allowed 100% recovery in 73 days 
as opposed to 44% recovery in 120 days 
for untreated animals.
Ducker and Hamit2 injured dogs and 
compared four types of treatment: (1) 
laminectomy alone, (2) laminectomy 
and local hypothermia, (3) laminectomy 
and systemic steroids, (4) laminectomy 
and intrathecal steroids. They found 
that laminectomy and hypothermia, and 
laminectomy and systemic steroids gave 
better recovery than laminectomy alone.
Albin et al.3 using monkeys, found no 
voluntary movement after three months 
in 12 of 13 animals injured with a 300 
gcf and treated with dural incision four 
hours after injury. In contrast, 13 of 
14 monkeys subjected to the same force 
showed complete recovery in two weeks 
if treated with local hypothermia four 
hours after injury.
Also, Kelly et al.4, have shown experi­
mentally a beneficial, but less notice­
able, effect from local hypothermia af­
ter injury. When compared with treat­
ment by dural incision alone, immediate 
post-traumatic hypothermia allowed a 
significant rate of improvement. If, 
however, hypothermia was delayed for 
four hours its effect was barely statis­
tically significant. Oxygen levels were 
decreased at the site of spinal injury. 
They postulated that hypothermia al­
lowed better tissue survival by decreas­
ing metabolic demands.
Black and Markowitz14 confirmed the 
value of systemic steroids in enhancing 
the recovery of monkeys after spinal 
injury but could not find any benefit 
from local hypothermia.
Locke et al.'3 found high levels of lac­
tic acid in traumatized spinal cord sec­
tions up to 12 hours after injury. Since
this substance is produced by anaerobic 
glycolysis and should not accumulate if 
perfusion is adequate, they concluded 
that tissue ischemia with decreased 
oxygenation and perfusion plays a role 
in the early pathologic changes follow­
ing spinal injury.
Osterholm and Mathews16 have shown 
that catecholamines accumulate at the 
site of the spinal injury in the cat and 
that treatment with alpha-methyl-tyro­
sine, a substance that interferes with 
norepinephrine synthesis, aids recovery.
A recent review of the pathology of 
spinal injury from this laboratory8,9 de­
scribed an area containing necrotic neu­
ral elements and edema but with viable 
patent blood vessels as shown by micro­
angiography. This area surrounds the 
central region containing total necrosis 
of all elements including vascular ones. 
In view of the patent microvasculature 
in the outer area, we suspect that fac­
tors other than vascular insufficiency 
cause the death of neural tissue in this 
region.
Serotonin (5-hydroxytryptamine), a 
vasoactive amine, is found in various 
parts of the central nervous system. The 
spinal cord, especially the lumbar en­
largement, is very rich in serotonin 
which has been located in distinct vesi­
cles near synaptic terminals.17 Evidence 
that serotonin is a neurotransmitter is 
strong but not, as yet, conclusive.18
Serotonin is also capable of causing 
edema in subcutaneous tissue19,20 and is 
felt to be one of the chemical mediators 
of inflammatory edema.21
Bulle5 showed that serotonin adminis­
tered to brain tissue via an extravas- 
cular route induces cerebral edema and 
has a direct neurotrophic effect causing 
paralysis. He also has shown that pre­
treating animals with reserpine, which 
has some anti-serotonin activity, pre­
vented both the edema and neural 
damage.
Osterholm et a l3 have shown that 
minute physiologic quantities of seroto­
nin injected intracerebrally cause sev­
ere neurologic alterations and cerebral 
edema. They also showed that, after
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experimental cerebral trauma, the cere­
brospinal fluid (CSF) contained free 
and persisting serotonin in high con­
centration. They postulated that sero­
tonin was displaced from its intracellu­
lar site following injury and, in its free 
state, acted on as-yet-undamaged neu­
rones, producing neurologic deficits or 
death.
Increased levels of serotonin have also 
been found in human CSF7 after spinal 
trauma.
Methysergide is a potent20, 22 and spe­
cific23 anti-serotonin agent. Gelfand and 
West19 showed that pre-treatment with 
1 mg./kg. of methysergide significantly 
reduced rat-paw edema induced by dex- 
tran, compound 44-80, or serotonin. 
Doepfner and Cerletti20 also showed that 
pre-treatment with smaller doses of me­
thysergide significantly reduced 5-hy- 
droxytryptamine-induced paw edema. 
Methysergide was the most effective 
anti-serotonin agent of 17 drugs tested.
McKeon22 found that 1.3 mg./kg. me­
thysergide protected 50% of guinea 
pigs from an otherwise fatal dose of 
serotonin. Again, methysergide was the 
most effective of anti-serotonin used.
Clinically and histologically Rauch 
and Frick24 observed that anti-serotonin 
agents delayed the development of ex­
perimentally induced allergic encephalo­
myelitis in rats and guinea pigs and 
produced a less severe cellular response 
than in untreated controls. In this ex­
periment, lysergic acid diethylamide 
(LSD) was found to be somewhat more 
effective than methysergide.
Walsh23 has shown that methysergide 
protects human forearm and hand ves­
sels from the vasoconstricting effect of 
serotonin.
In the experiments described in this 
paper, hypothermia conferred no clinic­
al benefit whether this was given be­
fore or shortly after injury. Further­
more, microangiographic and histologic 
studies showed no difference between 
treated and control groups. However, 
our period of observation was short and 
the danger of extrapolating positive or 
negative results from one species to an­
other is well known.
We studied methysergide in the hope 
that this agent would counteract the 
harmful effect of serotonin liberated at 
the time of injury and thus improve 
neurologic recovery. Our results show 
no such beneficial effect. Furthermore, 
treated dogs were generally sicker and 
had slightly poorer neurologic function 
in the first few days after operation. It 
is difficult to say if the better relative 
recovery in treated animals was due to 
a beneficial effect of the drug, to a 
disappearance of a harmful effect of the 
drug as dosage was reduced, or was un­
related to the drug, but, in any event, 
the eventual neurologic recovery was 
not improved by methysergide.
In the studies described, we found 
that some animals had significant neu­
rologic recovery within one day of in­
jury. These animals suffered relatively 
slight cord damage at the time of injury 
as estimated subjectively by the degree 
of hind-limb jump and subpial hemor­
rhage. Because the severity of the con­
trolled injury varies despite the ap­
parent use of the same force, it is im­
portant in studies of this sort that 
animals to be treated be selected at ran­
dom. The investigator injuring the 
animal should not know whether the 
animal is to be treated, or be able to in­
fluence the decision concerning treat­
ment after the injury.
Continued investigation of the bio­
chemical events that follow spinal in­
jury seems most worth while. Chemical 
mediators involved in the reaction to 
tissue trauma are numerous and include 
the globulin permeability factor, plas- 
min, the Hageman factor, prostaglan­
dins, kallikrein, kinins, the catechola­
mines, histamine, serotonin and possibly 
many others.20, 25 , 26 Identification and 
neutralization of the factors involved in 
the ongoing destructive processes that 
follow spinal injury would be beneficial 
therapeutically.
Su m m a r y
In the past local spinal cord hypo­
thermia has been shown to benefit dogs 
and monkeys suffering controlled spinal 
injury to a varying degree in most, but
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not all, experimental studies. It was of 
no benefit clinically and produced no 
histologic or microangiographic change 
in 17 rabbits injured with a 50 gcf and 
then treated with local hypothermia. 
Even hypothermia given to three rab­
bits before injury produced no benefit.
Microangiographic and histologic 
study revealed an area of the damaged 
cord containing intact microvasculature 
but necrotic neural elements. These 
changes were noted in both treated and 
control animals.
There is evidence that serotonin plays 
a role in the ongoing destructive 
changes following spinal injury. Treat­
ment with methysergide, one anti-sero­
tonin agent, did not improve the clinical 
recovery or pathologic changes in ex­
perimentally injured rabbits or dogs.
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Re su m e
II a ete montre, dans le passe, que l’hypo- 
thermie locale de la moelle epiniere a exerce 
une action benefique chez des chiens et des 
singes souffrant d’une lesion medullaire trai-
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tee. Chez 17 lapins, ayant subi une lesion arti- 
ficielle de la moelle provoquee par une force de 
50 grammes par centimetre, 1’hypothermie lo­
cale n’a eu aucun effet favorable, ni sur le 
plan clinique, ni au point de vue histologique 
et n’a amene aucun changement micro-angio- 
graphique. Cette methode, donnee a titre pre- 
ventif a trois lapins avant la lesion, n’a donne 
aucun resultat.
L’examen histologique et micro-angiographi- 
que de la moelle lesee a revele l’existence d’une 
region dont les microvaisseaux etaient intacts
mais qui presentait des elements nerveux ne­
croses. Ces modifications medullaires ont ete 
retrouvees et chez les animaux traites et chez 
les temoins.
On a des preuves que la serotonine joue un 
role dans les modifications destructives conse- 
cutives a la lesion. Le traitement par la me- 
thysergide, un produit antiserotonine, n’a pas 
influence la guerison clinique ni les modifica­
tions pathologiques chez les lapins ou les 
chiens ayant subi cette lesion experimentale.
THORACIC OUTLET SYNDROME DUE TO CONGENITAL  
ANOMALOUS JOINT OF THE FIRST THORACIC RIB
C. A. ROSS, M.D., F.R.C.S.[C]* and U. S. VYAS, M.D.,f 
Edmonton, Alta.
T h e  thoracic outlet syndrome, a group 
of neurovascular symptoms in the neck, 
shoulder, arm or hand, is caused by com­
pression of the subclavian artery or 
brachial plexus, or both. The term was 
suggested by Peet et al. in 1956.1
This syndrome is also known by other 
names such as the cervical rib syn­
drome, the scalenus anticus syndrome,2 
the costoclavicular syndrome,3 the 
hyperabduction syndrome and the first 
rib syndrome.
A  congenital anomalous joint in the 
mid-segment of the first thoracic rib 
is a rare cause of this syndrome.
Ca s e  H is t o r y
A 26-year-old white man was admitted 
to the Royal Alexandra Hospital, Edmon­
ton, on November 5, 1970, with a history 
of pain in the right shoulder and neck since 
July 1970. Associated with it, he had ting­
ling and numbness in the right arm, hand 
and fingers. These symptoms were ag­
gravated when the patient carried a heavy
* Department of Surgery, Royal Alexandra 
Hospital, Edmonton, Alta.
fUniversity of Alberta Hospital, Edmonton, 
Alta.
suitcase, weighing 30 lbs. to 40 lbs., on his 
business trips. He had no history of in­
jury to the neck or shoulder in the past and 
had no symptoms in his left arm. There 
were no systemic complaints.
In the right arm, sensations to cotton 
wool and pin prick were slightly diminished 
in the ulnar nerve distribution. Bracing the 
shoulders backwards, pulling the arms 
straight down against resistance produced 
numbness and diminished arterial pulsa­
tions. There was no significant atrophy of 
the small muscles of the hand. There were 
no sensory changes in the left arm but, 
again, the radial pulse was diminished when 
the arm was pulled down against resistance.
A plain radiograph of the chest showed 
an oval density over the mid-segment of 
the first thoracic rib on both sides (Fig. 1). 
Films of the cervical and thoracic spines 
were reported to be normal.
Pathogenesis
Of several contributory factors of the 
thoracic outlet syndrome, the most im­
portant is reduced tone of the muscles of 
the shoulder girdle. The consequent de­
pression of the clavicle narrows the outlet 
further and compresses the neurovascular 
bundle. Sympathetic nerve fibres have been 
described in the lowest trunk of the bra­
chial plexus.4’ 5
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Fig. 1.—Preoperative chest radiograph. Ar­
rows show ovular density of the mid-segment 
of the first rib bilaterally.
Other causes are: trauma to the head, 
neck and shoulder region with hematoma 
formation and resultant fibrosis in the 
supraclavicular region; a cervical rib com­
pressing the neurovascular bundle; abnor­
mality of the first thoracic rib, usually one 
that is abnormally large or crooked, or one 
that has been fractured with callus forma­
tion ; abnormal shape or size of the clavicle 
giving rise to the costoclavicular syndrome; 
scalenus anticus syndrome; inflammatory 
or malignant disorders in the cervical spine 
or the shoulder joint, and Pancoast’s tu­
mour of the lung.
Symptoms
Symptoms are neurologic or vascular, or 
both.6
(1) Arterial compression produces inter­
mittent pain in the fingers, hand and arm, 
and pallor and sensation of cold. Marked 
compression stenosis with post-stenotic 
aneurysm and its complications have been 
described.7
(2) Venous obstruction causes cyanotic 
discolouration and dilatation of the super­
ficial veins of the arm.
(3) Brachial plexus irritation gives rise 
to pain in the shoulder, arm and hand. 
There is also anesthesia or paresthesia es­
pecially in the distribution of the ulnar 
nerve.
(4) Signs of irritation at the sympathe­
tic nerve fibres include decreased skin tem­
perature in the arm, ischemic changes in 
the fingers and Horner’s syndrome.
(5) Loss of power and atrophy of the 
small muscles of the hand rarely occur.
Various diagnostic tests include Adson’s 
test, costoclavicular test, Allen’s test, hyper­
abduction test and plain films. Arterio­
graphy and phlebography may also be help­
ful.
The differential diagnosis should include 
any condition that produces pain in the re­
gion of the neck, shoulder and arm. Tu­
mours of the superior mediastinum, Pan­
coast’s tumour of the lung, prolapsed inter­
vertebral disc in the cervical region, pres­
sure on the cervical roots by the diseased 
cervical spine, trauma to the shoulder or 
brachial plexus may all simulate the thora­
cic outlet syndrome.
Surgical Treatment
Scalenotomy, which is the most popular 
approach, produces good results in 27% to 
80% of cases.811 This procedure fails when 
the scalene triangle is not enlarged enough 
or the compression point is in the costocla­
vicular space rather than in the scalene 
triangle. The greatest reason for failure, 
however, is incorrect diagnosis, the respon­
sible lesion then being root involvement 
from osteoarthritis of the spine or disc col­
lapse.
Resection of the clavicle provides satis­
factory relief of costoclavicular compres­
sion12 but leaves deformity as well as func­
tional disability.
Of the various approaches to the first 
thoracic rib such as the transaxillary,13-15 
the supraclavicular, the subclavian16,17 and 
parascapular,18 each has its own merits and 
demerits. The advantages of the first-rib 
resection are many: its removal widens the 
scalene triangle, opens the costoclavicular 
space, and eliminates the stretch on the 
brachial plexus in patients with sagging 
shoulders (those who have not benefited 
from physiotherapy). If the pectoralis 
minor muscle has also exerted pressure on 
the plexus the tendon can be divided easily 
during first-rib resection.
On November 6, 1970, the first rib was 
resected through a right parascapular in­
cision, under general endotracheal anesthe­
sia. The patient was placed in the left 
lateral position, right side up with the 
right arm down by the side and internally 
rotated. When the scapula was reflected 
and the first rib exposed, we saw a large 
joint in the central portion of the first tho­
racic rib. The first rib was resected from 
its angle almost to the costochondral junc-
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Fig. 2.—Resected first rib showing the anomalous joint in the mid-segment (arrow).
tion. Then we noted that the rib contained 
a true joint with a joint cavity in its cen­
tral portion (Figs. 2 and 3).
A fter the operation, the pain, tingling 
and numbness in the patient’s right arm 
disappeared. He was discharged from  the 
hospital on the eighth day. When seen three 
weeks later, he had no symptoms or signs 
o f vascular compression in the right arm 
even when the arm was pulled straight 
down against resistance. The patient was 
told to resume his full duties.
Fig. 3.—The joint space opened.
On February 22, 1971, he was examined 
again. He was in good health and had no 
pain in his right arm. Once again, pulling 
the right arm down against resistance pro­
duced no change in the radial pulse. A chest 
radiograph (Fig. 4) was negative.
Fig. 4.—Chest radiograph three months af­
ter operation. The arrow in the left-hand 
corner shows the region of the excised first 
rib. The arrow on the right shows the ovular 
density on the mid-segment of the first rib.
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D iscussion
A congenital joint in the mid-seg­
ment of the first thoracic rib is a rare 
cause of the thoracic outlet syndrome. 
Generally first-rib malformations are 
rudimentary structures. They terminate 
in a synostosis or pseudoarthrosis with 
the second rib near the scalene tubercle, 
or as a free end in the soft tissues at the 
base of the neck, which are connected to 
the manubrium sterni by a ligamentous 
band. On rare occasions, the first rib 
may have a distinct joint near its lateral 
angle before it fuses with the second.19 
In our patient, the first thoracic rib had 
normal joints at the vertebral and 
sternal end with the anomalous joint in 
the mid-segment. The neurovascular 
bundle was compressed by the clavicle 
in front and above, and the bulk of the 
joint was on the first rib.
Of the various surgical approaches 
to first-rib resection we found that 
parascapular incision with reflection of 
the scapula gave adequate exposure and 
easy resection.
S u m m a r y
The thoracic outlet syndrome, a group 
of neurovascular symptoms in the neck, 
shoulder, arm or hand, is due to com­
pression of the brachial plexus or the 
subclavian vessels, or both. Of the vari­
ous causes of this syndrome a congenital 
anomalous joint in the 'mid-segment of 
the first thoracic rib is rare. This paper 
describes such a case.
This 26-year-old man complained of 
pain in the right shoulder and tingling 
and numbness in the right arm, hand 
and fingers. Sensations to cotton wool 
and pin prick were diminished in the 
right ulnar nerve distribution. A  plain 
radiograph of the chest revealed an oval 
density over the mid-segment of the 
first thoracic rib on both sides. When 
resected through a parascapular thora­
coplasty incision, the right first thora­
cic rib contained a congenital anomalous 
joint in its central portion. Resection re­
lieved his symptoms completely.
We wish to thank Mr. Z. A. Zielinski of the 
Photography Department, Royal Alexandra 
Hospital, for the illustrations.
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Resume
Le syndrome du detroit thoracique, compor- 
tant un ensemble de symptomes neurovasculai-
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res dans le cou, l’epaule, le bras ou la main, 
est generalement cause par la compression, soit 
du plexus brachial, soit de l’artere ou de la 
veine sous-claviere, ou par celle de ces deux 
elements anatomiques. Parmi les autres etio­
logies de ce syndrome, une articulation anor- 
male, d’origine congenitale, du segment me­
dian de la premiere cote sternale est d’obser- 
vation rare.
Les auteurs en presentent un cas: il s’agis- 
sait d’un homme de 26 ans qui se plaignait de 
douleur dans l’epaule droit, de picotement et
d’engourdissement dans le bras, la main et les 
doigts du cote droit. Les sensations tactiles 
(attouchement d’ouate et piqure d’aiguille) 
etaient emoussees le long du trajet du nerf 
cubital droit. Une radiographie thoracique sim­
ple a donne une image dense de forme ovale, 
au niveau du segment median de la premiere 
cote sternale, sur ses deux faces. Par thora- 
coplastie parascapulaire, on a decouvert une 
articulation anormale, d’origine congenitale, 
dans la portion centrale de la premiere cote- 
thoracique. Sa resection a supprime complete- 
ment les symptomes.
DIAGNOSIS OF ACHALASIA*
R. D. HENDERSON, M.B., F.R.C.i 
F. G. PEARSON, M.D., F.R.C.S.[C], F 
M. SZCZEPANSKI,
A c h a l a s ia  is a relatively rare disease 
of the esophagus but is seen occasionally 
in the general surgeon’s practice. Treat­
ment, either by pneumatic dilatation or 
by Heller myotomy1’ 2 produces satisfac­
tory results. It is the diagnostic rather 
than the therapeutic problem that 
presents difficulty, because the accepted 
criteria for the diagnosis of achalasia 
are not always present. Misdiagnosis 
and lack of appropriate treatment may 
protract the clinical course of the di­
sease, but misdiagnosis and incorrect 
surgical treatment produce disastrous 
esophageal problems.
In a 28-month period to June 1971, in 
the esophageal motility laboratory of 
Toronto General Hospital, a total of 550 
motility studies were done on 429 pa­
tients. Achalasia was diagnosed in 20 of
‘ Supported by the Ontario Cancer Treatment 
and Research Foundation Grant No. 235. 
fAssistant Professor, Department of Surgery, 
University of Toronto, and Staff Surgeon, 
Toronto General Hospital, Toronto, Ont.
^Toronto General Hospital.
§Associate Professor, Department of Surgery, 
University of Toronto, and Chief, Thoracic 
Surgical Division, Toronto General Hospital.
11 Research Fellow, Department of Surgery, 
University of Toronto.
3.[C],f A. W. BARICHELLO, M.D.,1 
.A.C.S.,§ F. MUGASHE, B.A., M.D.|| and 
D.V.M.,]| Toronto, Ont.
those patients. The six cases described 
in this paper were selected from the 20 
patients with achalasia and from a 
much larger group of patients in whom 
achalasia was considered in the dif­
ferential diagnosis. In some of these pa­
tients an incorrect diagnosis of achala­
sia had been made in the past, with con­
sequent misdirected therapy.
The diagnosis of achalasia is based 
upon the history, radiologic features, 
esophagoscopy and upon esophageal 
manometric findings. Each diagnostic 
parameter is valuable, but the greatest 
degree of accuracy is achieved by using 
all available clinical information.
Cl in ic a l  S y m p t o m s
The natural history of achalasia3 is 
one of a slowly progressive disease, 
usually beginning in early adult life. 
This slow progression permits its clas­
sification into three radiologic stages, 
which are matched by corresponding 
clinical features.
Radiologically, Stage I is when the 
largest diameter of the esophagus is less 
than 4 cm .; Stage II when the diameter 
is 4 to 6 cm.; and Stage III when the
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esophageal diameter is more than 6 cm.
In general, symptoms vary according 
to the stage. In Stage I, the patient of­
ten has obstruction, occasionally with 
spontaneous esophageal pain.4 In Stage 
II, the patient may be less aware of the 
obstruction and notes only a full retro­
sternal discomfort after eating. In 
Stage III, the dilated esophagus causes 
retrosternal fullness with regurgitation 
and potential aspiration of food at 
night.
Obstruction
The dysphagia is that due to motor 
dysfunction rather than to a fixed nar­
row segment of esophageal lumen. Be­
cause it is motor, it will vary in inten­
sity from day to day, and will often be 
as severe for liquids as for solids. Cold 
or hot fluids are often poorly tolerated. 
Occasionally total obstruction will de­
velop with more marked discomfort and 
regurgitation. Women may gain partial 
relief during pregnancy.
Regurgitation
As a direct effect of obstruction, re­
gurgitation is common and may be as­
sociated with night aspiration and res­
piratory tract infections. The regur­
gitated food has a sweet taste and the 
patient can readily differentiate it from 
gastric contents. In some patients, usu­
ally those in the younger age group, the 
esophagus is only slightly dilated, and 
radiologically there is evidence of vigor­
ous non-peristaltic motor activity. These 
patients may freely regurgitate food 
which has just been eaten and which re­
tains the taste of normal food. This type 
of achalasia has been termed “vigorous” 
achalasia because of the persistent pro­
nounced motor activity in the esopha­
gus.
Pain
Pain is variable in achalasia. Almost 
always there is retrosternal fullness, 
which will be more severe with total ob­
struction. Some patients complain of 
symptoms indistinguishable from the 
heartburn of reflux esophagitis. The
most typical pain, felt mainly in the 
vigorous early-stage achalasia, is a 
spontaneous gripping retrosternal dis­
comfort unrelated to eating. The spon­
taneous pains may come on at any time 
and, characteristically, this symptom 
may not be relieved by Heller myotomy 
or by dilatation.
Radiology
Barium swallow is one of the more 
accurate diagnostic techniques used in 
achalasia. The esophagus has no peri­
staltic motor activity and peristalsis is 
replaced by weak spastic contractions. 
The gastroesophageal junction does not 
relax and tapers to a “bird beak” , allow­
ing only small quantities of barium to 
pass into the stomach. The patient with 
vigorous achalasia may show little dila­
tation of the esophagus and spontaneous 
contractions of the esophagus may ap­
pear very like the spasm of the “ cork 
screw” esophagus. In more advanced 
achalasia, a large dilated or sigmoid 
esophagus gives a typical radiologic ap­
pearance. Although the radiologic ap­
pearances are typical of achalasia in 
many patients, they can be very mis­
leading if used as the major diagnostic 
criteria.
E sophagoscopy
At esophagoscopy, the esophagus does 
not have any particularly diagnostic 
features. There is often considerable re­
tained food and associated superficial 
inflammation. The gastroesophageal 
junction opens easily and the esophago- 
scope can pass into the stomach. Partic­
ularly in the sigmoid esophagus, the 
gastroesophageal junction may be hard 
to locate and it is easy to perforate the 
lower esophagus if force is used. Eso­
phagoscopy is valuable in excluding me­
chanical obstruction, another cause of 
dysphagia.
E sophageal Motility
In the study of achalasia, motor stu­
dies5, 6 of the esophagus are an accurate 
diagnostic tool and, in most instances,
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typical manometric features allow an 
accurate diagnosis of achalasia.
In the normal person, the gastroeso­
phageal high pressure zone (HPZ) lies 
at the junction of esophagus and stom­
ach. The HPZ, a zone of elevated pres­
sure that straddles the diaphragm, has 
a basic tone of 10 to 20 cm. H.O. In the 
intra-abdominal segment of the HPZ, 
the pressure effects of respirations are 
positive and produce inspiratory posi­
tive pressure deflections while in the 
supradiaphragmatic zone of the HPZ, 
the respiratory pressures are inspira­
tory negative. The point of change from 
inspiratory positive to inspiratory neg­
ative is called the point of respiratory 
reversal (PRR).
Swallowing produces a wave of re­
laxation in the HPZ for 15 to 20 sec­
onds, followed by a contraction of com­
parable duration. In the body of the 
esophagus, the baseline pressure is ap­
proximately atmospheric. The esopha­
gus responds to swallowing by a peri­
staltic wave which progresses from the 
pharynx through the gastroesophageal 
HPZ. At the cricopharyngeus, there is 
an elevated pressure zone, which also 
responds to swallowing by relaxation 
followed by contractions, but the pres­
sure changes at the cricopharyngeus are 
of much shorter duration.
Achalasia is a disease of the entire 
esophagus below the cricopharyngeus. 
In individuals with this disorder, the 
gastroesophageal HPZ has, on the aver­
age, the same tone as in the normal sub­
ject, but its response to deglutition is 
altered. The relaxation phase of deglu­
tition is either absent, or is present to 
only a minor degree. Contraction with 
deglutition is of normal amplitude and 
duration, but comes on early after the 
swallow.
Pressure in the body of the esophagus 
is elevated to 10 to 20 cm. H20 from a 
normal of 0 to 5 cm. H ,0 and this pres­
sure elevation may be secondary to eso­
phageal retention. There are no peri­
staltic motor waves in the esophagus 
and swallowing usually produces either 
no pressure change or weak spastic con­
traction. In vigorous achalasia, the con­
tractions occur simultaneously as local 
areas of spasm but are of higher am­
plitude than that seen in the other more 
common forms of achalasia. The crico­
pharyngeus and pharynx are normal in 
motor function.
Although some of the manometric 
features of achalasia have been ques­
tioned, the overall pressure patterns on 
esophageal manometry are typical and 
usually diagnostic.
The injection of MecholyT (acetyl 
,6-methyl choline), 10 mg. subcutaneous­
ly, produces retrosternal discomfort and 
a pressure rise in the esophagus. These 
changes are also occasionally seen in 
diffuse spasm of the esophagus and 
therefore are not diagnostic of achala­
sia. However, this test has been used by 
some investigators as further evidence 
of achalasia.
D if f e r e n tia l  D iagnosis of
A c h a l a s ia
Achalasia presents a difficult prob­
lem in differential diagnosis whenever 
the symptoms and radiologic appear­
ances diverge from the common pattern. 
A careful history, plus radiologic and 
manometric examination, usually estab­
lishes the diagnosis with certainty. 
When the patient has had previous eso­
phageal surgery, the diagnostic prob­
lem becomes extremely difficult and oc­
casionally the motor change secondary 
to operation or esophagitis makes an ac­
curate diagnosis impossible.
Other diseases can mimic achalasia, 
particularly carcinoma of the cardia of 
stomach, diffuse esophageal spasm, 
scleroderma, and occasionally hiatus 
hernia.
Several cases have been selected to 
illustrate the diagnostic problem and 
the problems arising from misdiagnosis 
with inappropriate therapy.
Case  R eports
Case 1
Vigorous achalasia.— Mrs. H., a 38-year- 
old woman, had progressive dysphagia for 
two years with obstruction to both solids
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MRS.H. VIGOROUS ACHALASIA
Fig. 1.—Case 1. The barium swallow in vigorous achalasia shows only slight dilatation 
and vigorous segmental contraction waves in the body of the esophagus. The gastroesophageal 
junction is tapered and could not be shown to relax radiologically. There was no evidence of 
reflux. DMA =  disordered motor activity.
Fig. 2.—Case 1. This tracing of the mano- 
metric record of Mrs. H. was obtained using 
three separate recording leads 5 cm. apart, 
which were passed into the stomach, then 
withdrawn in 1-cm. stages through the gastro­
esophageal junction, body of the esophagus, 
cricopharyngeus and pharynx. The uppermost 
tracing is from the proximal lead and the 
lower tracing from the distal lead. There is a 
pressure scale on the left side of the diagram 
and a time scale on the bottom. Each vertical 
thin line represents a 1-cm. proximal move of 
the recording device. The double heavy line in­
dicates the discontinuous nature of the tracing, 
where a portion of the trace was omitted to 
illustrate both the proximal and the distal 
esophagus (this method is used to illustrate 
pressure trace elsewhere in this paper). C =  
contraction; R =  relaxation; D =  disordered 
motor activity. The upper, mid- and lower
and liquids. Daily she regurgitated foul­
tasting material mixed occasionally with old 
food and mucus. Retrosternal fullness after 
meals was relieved by regurgitation. She 
had spontaneously occurring retrosternal 
and back pain two to three times daily.
Barium swallow (Fig. 1) showed a 
tapered gastroesophageal junction with 
only slight dilatation of the esophagus, and 
vigorous tertiary wave activity.
Esophagoscopy showed no food reten­
tion but Stage I esophagitis. The esopha- 
goscope passed without resistance into the 
stomach. The differential diagnosis was of 
vigorous achalasia or disordered motor ac­
tivity (D M A) of the esophagus. Because 
an accurate diagnosis could not be made 
wiUi the data available, esophageal mano- 
metric studies were done.
Esophageal manometric studies (Fig. 2) 
showed a normal tone which contracted
thirds of esophagus are marked to show the 
levels at which the trace was obtained. In 
the present trace, the HPZ at the gastro­
esophageal junction is of normal tone and has 
normal contraction but there is no relaxation 
in response to deglutition. The motor activity 
in the body of the esophagus is all simultane­
ous, of high amplitude and prolonged duration. 
There are no peristaltic waves, even in the 
uppermost portions of the body of the 
esophagus. This tracing is diagnostic o f vigor­
ous achalasia.
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Pig. 3.—Case 2. Barium swallow shows a normal-sized esophageal lumen, with disordered 
motor waves (tertiary waves) in the body of the esophagus. The gastroesophageal junction is 
normal. Due to barium retention in the body of the esophagus, reflux studies were unsatis­
factory.
normally but did not relax in response to 
deglutition. The body of the esophagus had 
totally disordered motor activity with 
moderately high amplitude waves of pro­
longed duration. There was no peristalsis. 
The cricopharynx and pharynx were normal. 
The esophageal manometric findings con­
firmed the diagnosis of achalasia of the 
vigorous type.
This patient was treated by a transab­
dominal Heller myotomy with good sympto­
matic relief. This case contrasts well with 
Case 2 and will be further discussed at the 
conclusion of Case 2.
Case 2
Disordered motor activity of the eso- 
phagus*— Mrs. W., aged 31, had low and 
mid-retrosternal pain of 1% years’ dura­
tion starting in the seventh month of her 
pregnancy. Pain was both spontaneous and 
associated with swallowing of solids and li­
quids. She had progressive dysphagia to 
both liquids and solids with food sticking 
in the mid- and lower sternal area, and a 
weight loss of 20 lbs. She had a history of 
occasional retrosternal burning pain with 
changes in posture. This patient had been 
fully investigated twice and was under 
psychiatric care.
Barium swallow showed occasional ter­
tiary waves, but was otherwise normal 
(Fig. 3).
Esophagoscopy was normal and produced 
no evidence of mechanical obstruction. A 
clinical diagnosis of achalasia or DMA of 
the esophagus was made. Achalasia was 
considered less likely for several reasons: 
the disease had started during pregnancy; 
there was a history suggestive of reflux; 
barium swallow did not show any abnor­
mality of the gastroesophageal HPZ.
Esophageal manometric studies (Fig. 4) 
showed a normal gastroesophageal HPZ 
with both contraction and relaxation in re­
sponse to deglutition. Esophageal pressure 
was slightly elevated at 10 mm. Hg. The 
lower two-thirds of the esophagus had no 
peristaltic activity but here each swallow 
produced tertiary motor waves of increased 
amplitude and duration. In the upper 3 cm. 
of esophagus there was normal peristalsis.
The diagnosis in this patient was DMA. 
The patient was treated by extended myo­
tomy from the proximal stomach to 5 cm. 
above the aortic arch. A Belsey hiatal her­
nia repair was done chiefly to maintain a 
long intra-abdominal segment of esophagus. 
Failure to repair the hiatus may result in 
the development of a hiatus hernia with 
severe reflux because of the myotomized 
gastroesophageal junction.
The patient has had total relief of dys­
phagia and no longer has pain with swall­
owing or spontaneous pain.
In this woman, esophageal manometry al-
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Fig. 4.—Case 2. Two recording leads 5 cm. apart are used to illustrate the motor defect 
of the esophagus. The upper is the proximal lead. In the HPZ, the tone is 10 cm. H20, which 
is low normal, and there is normal relaxation and contraction in response to deglutition. In 
the lower and mid-esophagus, all motor waves are disordered (D), being simultaneous. In the 
uppper one-third of the esophagus there are peristaltic (F) motor waves. Achalasia can be 
excluded by the presence of relaxation in the HPZ and by the peristalsis in the upper one- 
third of the esophagus. A manometric diagnosis of DMA was confidently made.
lowed us to recognize the disease process 
and make a clear distinction between 
achalasia and DMA. A simple Heller myo­
tomy would not have relieved her symp­
toms. We have had the opportunity of 
studying several patients with DMA who 
were treated by a short esophageal myo­
tomy of the Heller type. These patients do 
not obtain relief of symptoms; indeed, they 
are usually worse after operation. It is 
very important for the surgeon to recog­
nize DMA of the esophagus as an entity and 
distinguish it from achalasia because in­
correct surgical management is a therapeu­
tic disaster. Symptomatically, Case 1 and 
Case 2 are very similar. In Case 1 a definite 
diagnosis of achalasia was made, with a 
good symptomatic response to Heller myo­
tomy. In Case 2, an extended myotomy was 
necessary to give good symptomatic relief.
Case 3
Carcinoma of stomach.— Mr. D., aged 71, 
had dysphagia with low retrosternal food 
sticking of two years’ duration, which had 
started with solids and progressed slowly 
to include semi-solids. He had been treated 
with dilatation and, for four months, had 
been fed by gastrostomy. He had no history 
of heartburn.
Barium swallow (Fig. 5) showed a
tapered lower esophagus, compatible with 
achalasia or with a mechanical stricture.
Esophagoscopy showed a fixed narrow­
ing of the lower esophagus. Bougies could 
be passed up to No. 30 French gum elastic. 
Biopsies were negative for malignancy.
Esophageal manometric studies (Fig. 6) 
showed a normal gastroesophageal HPZ 
with normal relaxation and contraction in 
response to deglutition.
The differential diagnosis was between 
peptic esophageal stricture and carcinoma 
of the gastric cardia.9''1 A diagnosis of 
carcinoma was considered more likely be­
cause there was no preceding history of re­
flux.
At operation, we found an adenocarcino­
ma of the gastric cardia and did an eso- 
phagogastrectomy. The patient had an un­
eventful postoperative course and, at the 
time of discharge, was eating solids without 
dysphagia. Achalasia and carcinoma of the 
stomach may be very difficult to differen­
tiate. If, after clinical examination and 
barium swallow, the surgeon makes a diag­
nosis of achalasia in the presence of carci­
noma of the cardia, the correct surgical 
management may be delayed considerably.
Case U
Pedunculated pharyngeal polyp in eso-
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Fig. 5.—Case 3. Barium swallow shows a tapered gastroesophageal junction lying above the diaphragm . The appearance is compatible with a hiatus hernia and achalasia, or with a benign or m alignant stricture. Esophagoscopy confirmed the presence of a mechanical ob­struction im m ediately distal to the junction.
phugus.—Mr. S., aged 66, had dysphagia for 3% years with obstruction to solids in the lower sternal area. A clinical and radio- logic diagnosis of achalasia was made and
a Heller myotomy performed. He had par­tial relief of symptoms for three months followed by further progressive dysphagia. At the time of examination, he had moder-
SECONDS
Fig. 6.—Case 3. M otility studies show a norm al gastroesophageal HPZ of average tone. There is good relaxation and contraction in the HPZ in response to deglutition. There is a m oderate degree of DMA in the body of the esophagus but normal peristalsis particularly in the upper one-third. The surgeon can exclude achalasia on the basis of this motility study. Esophagoscopy and barium  swallow confirm tha t the obstruction is mechanical and opera­tion confirmed the presence of an adenocarcinoma of the gastric  cardia.
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MR.S. PEDUNCULATED PHARYNGEAL
F ig . 7.—C ase 4. The b ariu m  sw allow  w as in te rp re te d  co rrec tly  only  in re tro sp ec t. A  v e ry  
la rg e  peduncula ted  polyp f ills  th e  low er esophagus. The g as tro e so p h ag ea l ju nc tion  does no t 
have th e  ch a rac te ris tic  ta p e re d  ap pearance  of acha lasia .
F ig . 8.—Case 4. P reo p e ra tiv e  m o tility  s tu ­
dies: in th is in stance , th e  low er tra c e  is the 
m ost d is ta l and th e  u p p er trace  th e  m ost 
proxim al. In  th e  low er tra ce , no effective H PZ  
can be found. The sh arp  fa ll in  p ressu re  m ark s 
th e  tran s itio n  from  in tra -abdom ina l to  in tra -  
tho racic  p ressu re . In  the  low er and  m id-eso­
phagus, all m otor w aves a re  d isordered  and 
of low am plitude. This e ffec t is ch a rac te ris tic  
o f a m yotom ized esophagus. In the u pper one- 
th ird  o f the esophagus th e re  is no rm al 
pe ris ta ls is , ind ica ting  th a t  th e re  is no acha-
ate dysphagia to solids but none to liquids. 
He had no significant pain with swallowing 
and no heartburn.
At the present examination, barium 
swalloxv (Fig. 7) was incorrectly inter­
preted as showing massive food retention 
with a very dilated esophagus. Esophago- 
scopxj confirmed this. The gastroesophageal 
junction was not located. A biopsy showed 
squamous mucosa with a mild inflammatory 
infiltrate. The pedunculated polyp was not 
recognized and the esophagoscope passed 
down beside it.
Esophageal manometric studies (Fig. 8) 
showed totally disordered motor activity 
in the lower one-half of the esophagus and 
no apparent gastroesophageal HPZ. The 
proximal esophagus had normal peristalsis. 
On the basis of this examination we could 
not exclude achalasia.
lasia . A specific  d iagnosis could no t be m ade 
fro m  thi», reco rd , b u t ach a las ia  could be ex ­
cluded.
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Fig. 9.—Case 4. Repeat motility studies 
three months postoperatively. Again the most 
distal pressure trace is the lowest trace. The 
HPZ is recorded in the middle trace. The tone 
of the HPZ is 10 cm. H20, and there is normal 
relaxation and contraction in response to de­
glutition. There is normal peristalsis through­
out the body of the esophagus.
A clinical differential diagnosis included 
incomplete proximal esophageal myotomy, 
thoracic stomach, peptic stricture at the 
gastroesophageal junction, or carcinoma 
o f the cardia.
At operation, a 20 x 10-cm. pedunculated 
pharyngeal polyp was found. We removed 
the polyp through an esophagotomy incision 
and the proximal end of the pedicle from
MR.K. HIATUS HERNIA AND STRICTURE
Fig. 10.—Case 5. Barium swallow shows a 
row gastroesophageal junction. A swallowed 
junction. There was no radiologic evidence of
the tonsillar fossa, the esophageal myotomy 
was closed and a Belsey hiatal hernia repair 
done to secure the lower esophagus in a 
subdiaphragmatic position.
Postoperatively, normal swallowing re­
turned. Follow-up esophageal manometric 
examination (Fig. 9) showed a normal gas­
troesophageal HPZ and normal peristalsis 
in the body of the esophagus.
Retrospectively, the barium study did 
show the polyp, but this was misinterpreted 
as retained food. The polyp was not seen at 
esophagoscopy perhaps because, in the ex­
tremely dilated esophagus, the polyp wall 
was considered to be esophageal wall. Mano­
metric examination contributed only by ex­
cluding achalasia. Had manometry been 
done before his first operation, the surgeon 
would have excluded achalasia and sought 
an alternate source of the patient’s dys­
phagia.
Case 5
Hiatus hernia with stricture.— Mr. K., 
aged 54, developed dysphagia in 1945 and 
was treated with duodenal tube feeding for 
six months. Bougienage gave some improve­
ment in his swallowing. In 1950, a clinical 
diagnosis o f achalasia was made and he was
normal diameter of the esophagus with a nar- 
apsule was delayed at the gastroesophageal 
hiatus hernia.
' \
*
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treated by pneumatic bag dilatation with 
some improvement. In 1961, after further 
problems with dysphagia, he had a Heller 
myotomy. He improved after this but three 
years later again developed dysphagia. At 
the time of admission, he had a severe 
dysphagia eating only semi-solid foods. 
Liquids occasionally stuck, but usually could 
be taken easily. He had no history of pain 
other than with food impaction. He had a 
history suggestive of heartburn.
Barium swallow (Fig. 10) showed a 
tapered gastroesophageal HPZ. The esopha­
gus was not dilated. Only occasional ter­
tiary waves were present in the esophagus.
Esophagoscopy showed a Stage I esopha­
gitis in the lower one-third with some de­
finite fixed narrowing at the gastro­
esophageal junction. A size No. 60 Maloney 
bougie was passed. At this point the clinical 
diagnosis was achalasia with reflux follow­
ing a Heller myotomy, and a secondary pep­
tic stricture.
Esophageal manometric studies (Fig. 11) 
showed reduced tone at the gastroesopha­
geal HPZ but definite relaxation ofv the 
HPZ with swallowing. The lower one-third
of the esophagus had totally disordered 
motor activity with waves of low amplitude. 
The upper two-thirds o f the esophagus had 
normal peristaltic activity. On the basis of 
esophageal motility, it was possible to ex­
clude achalasia. The most likely cause of 
his dysphagia over the past 25 years was 
hiatus hernia with stricture. His present 
dysphagia was disproportionate to the de­
gree of fibrous stricture. His previous 
Heller myotomy destroyed effective peri­
stalsis above the stricture area, so that 
even a mild stricture produced severe 
dysphagia. Bougienage restored normal 
swallowing and, at the present time, this 
conservative management is being conti­
nued.
Case 6
Epiphrenic diverticulum and disordered 
motor activity of the esophagus,12— Mrs. 
W., a 64-year-old woman, had progressive 
dysphagia for four' years, which was 
present with both liquids and solids and she 
was reduced to eating a pureed diet. She 
had moderately severe lower sternal dis-
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comfort associated with eating, but gave no history of heartburn.
Barium swallow showed a large epiphre- nic diverticulum. The lower esophagus had marked tertiary wave activity.
Esophagoscopy clearly demonstrated a large diverticulum of the esophagus. There was no evidence of esophagitis.
Esophageal manometric studies showed a normal gastroesophageal junction. The lower one-half of the esophagus had marked DMA with normal peristalsis in the upper one-half of the esophagus. The diagnosis was epiphrenic diverticulum with DMA of the esophagus. At operation, the diverti­culum was excised and a myotomy of the esophagus carried up to the level of the aortic arch. The results were good and she now eats normally without dysphagia. Epi­phrenic diverticulum is commonly as­sociated with a motor disorder of the eso­phagus, and excision of the diverticulum alone does not relieve the dysphagia. Acha­lasia associated with an epiphrenic diver­ticulum is also a recognized entity.
D iscussion
In many instances, the diagnosis of achalasia can be made on the basis of history and barium swallow. These techniques, however, leave a margin of error which cannot be ignored.As illustrated in Case 1, vigorous achalasia is very hard to separate from DMA of the esophagus (Case 2). DMA is usually associated with pain on swal­lowing and, in more severe cases, with regurgitation of food; however, this dif­ferentiation is not absolute. Radio- logically, both diseases may be as­sociated with only slight esophageal dilatation and with vigorous tertiary wave activity. In DMA, the standard Heller myotomy does not relieve the symptoms and an extended myotomy, above the aortic arch, is necessary.Carcinoma of the cardia of the stom­ach (Case 8) may mimic achalasia or peptic stricture, and even at operation the true diagnosis is not always appa­rent. In the patient described earlier (Case 3), a certain diagnosis was only obtained by biopsy during the opera­tion. Misdiagnosis had delayed opera­tion for two years.
In Case 4, a pedunculated pharyngeal polyp had obstructed an otherwise nor­mal esophagus. This is a very rare cause of obstruction but it serves to illustrate some of the difficulties of diagnosis. In this patient, achalasia could have been ruled out and an unnecessary Heller myotomy avoided.Case 5 again illustrates the difficulty of clinical diagnosis of achalasia. This patient was mismanaged for 25 years, had six months of duodenal feeding, re­peated bougienage, pneumatic bag dila­tation and Heller myotomy. Hiatal her­nia repair and bougienage would have corrected his dysphagia if the correct diagnosis had been made in 1945.The last patient (Case 6) had an epi­phrenic diverticulum and DMA—an un­usual combination. We now recognize that, in addition to excision of the diver­ticulum, myotomy must be done to pro­duce a satisfactory result.
Co n clusio n
Achalasia, although a rare disease, is not a major therapeutic problem. Treat­ment by Heller myotomy or by pneuma­tic bag dilatation gives a satisfactory result in most cases. The major problem in achalasia is accurate clinical diag­nosis. Six cases have been described that illustrate the diagnostic problem and also the major therapeutic problems of misdiagnosis. Use of all available diagnostic techniques including eso­phageal motility studies permits ac­curate diagnosis and helps the surgeon avoid these therapeutic pitfalls.
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R esu m e
L’achalasie, maladie rare, est neanmoins vue 
et traitee par le chirurgien general. Le traite- 
ment par dilatation au moyen d’un sac de 
caoutchouc gonflable ou par myotomie de 
Heller donne des resultats satisfaisants. La 
principale difficulty est d’etablir un diagnostic 
precis: un diagnostic inexact est en effet sou- 
vent pose et les effets du traitement base sur 
ce diagnostic errone peuvent etre desastreux.
Le diagnostic de l’achalasie doit etre fonde 
sur l’histoire clinique, les resultats de l’exa- 
men radiologique, de l’oesophagoscopie et sur 
l’etude de la motilite de l’oesophage. Ce der­
nier examen s’impose en de nombreux cas pour 
lesquels l’etude critique du diagnostic doit etre 
approfondie. Le present article souligne les 
caracteristiques du diagnostic et presente six 
cas pour illustrer devolution normale de l’acha­
lasie, les problemes diagnostiques et les proble- 
mes que posent les cas dont le diagnostic a ete 
errone et qui ont ete traites incorrectement. 
Les six cas en question concernent une acha- 
lasie severe, un cas d’activite motrice desor- 
donnee, un cas de cancer de l ’oesophage, un 
cas de polype pharyngien pedoncule, une her- 
nie hiatale avec retrecissement et le probleme 
du diverticule epiphrenique.
Arme d’un diagnostic precis et du traitement 
approprie, le chirurgien parvient a obtenir des 
resultats satisfaisants de cette entite morbide.
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LEIOMYOSARCOMA OF THE RECTUM: A REPORT OF A CASE*
a . d . McKe n z i e , m .d ., f .r .s .c .[C ], g . b . e l l i o t t , m .b ., b .s .,
F.R.C.Path. and G. A. BELL, M.D.. F.R.C.S.[C], V an co u ver , B.C.
Leiomyosarcoma of the rectum is a 
rare tumour. There have been just over 100 cases reported in the literature. These cases present a problem to the pathologist who must determine wheth­er a given lesion is benign or malignant. They are also a problem for the surgeon who must decide on the appropriate treatment. A case is reported which il­
lustrates these problems.
Case Report
Mrs. L. O’D., aged 65 years, complained that she had been aware of something in her rectum for the last year. It had become slightly more troublesome with the passage of time and it was uncomfortable for her to sit down. The sensation was something akin to incomplete evacuation. At first she had attributed this to hemorrhoids but it had gradually become apparent to her that there was something other than this. She denied any pain, change in bowel habit, or bleeding per rectum. About eight years be­fore examination she had had a cystocele repaired. Her urinary function was undis­
turbed.On examination she was a healthy look­ing woman with no evident weight loss. Blood pressure was 150/80 mm. Hg, and pulse 80/min. The head, neck, chest and abdomen were normal on examination—in particular there was no liver enlargement or any evidence of lymph-node enlargement in the neck or elsewhere. Perineal examin­ation revealed nothing externally, but rectal examination demonstrated a firm submu­cosal swelling on the right side anteriorly. This was somewhat ovoid and measured 5 x 3  cm. It could be further defined by vaginal examination and was best defined by combined rectal and vaginal pal­pation. The mass lay in the rectovaginal septum but was more closely related to the rectal mucosa than to the vaginal mucosa.The patient was admitted to hospital where, on November 2, 1970, an examina­tion under anesthesia was carried out, con­firming the above findings. A biopsy was
*From the Department of Surgery and Patho­
logy, The Vancouver General Hospital, and 
the Faculty of Medicine, University of British 
Columbia, Vancouver, B.C.
taken by incising the rectal mucosa and teasing out a 3- to 5-cm. firm mass having the gross characteristics of a leiomyoma. When this mass had been shelled out it was apparent that little seedlings extended into the muscular and areolar tissue forming the bed. Several of these small fragments were teased out.Pathological examination of the main mass by frozen section indicated that this was a benign leiomyoma with rare mitoses and was considered a benign cellular leio­myoma. Paraffin sections, reported a day later, indicated that certain areas contained numerous mitoses, particularly in the small supplementary seedlings submitted, and the diagnosis was revised to a low-grade leio­myosarcoma (Fig. 1).A month later a synchronous combined abdominoperineal resection of the rectum was carried out. The whole posterior wall of the vagina was removed en bloc with the rectum and a special effort was made to take the levator ani muscles wide of the specimen. The pathological report con­firmed a small focus of residual leiomyo­sarcoma (low grade) at the site of the previous biopsy. There was no other evi­dence of disease and no lymph-node involve­ment was detected. Her postoperative course was gratifying; she was discharged from hospital in 18 days.Six weeks after operation, trouble-free colostomy function had been established and the perineal and vaginal wounds were completely healed. Eighteen months after operation the patient remains well.
Discussion
Pathology
The natural history of smooth muscle tumours found in the rectum is some­what different from that of the com­mon smooth muscle tumour—the ute­rine “fibroid”. In “fibroids”, some mi­totic activity and pleomorphism is not of serious significance unless these changes are well marked. In rectal le­sions, Anderson Dockerty and Buie1 noted that any mitotic activity denotes malignancy and a serious prognosis. They used Broder’s classification to grade the degree of malignancy as fol-
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. 1—-High-power view of the clinical rectal myoma shows nuclear pheomorphism, vari­
ability and two mitotic figures (arrows) denoting malignancy in this site.
lows: Grade I—one mitosis per 10 to 
20 high-power fields; Grade II— one 
mitosis per one to 10 high-power fields; 
Grade III—two to five mitoses per high- 
power field; Grade IV—more than five 
mitoses per high-power field.
With careful scrutiny most rectal 
smooth muscle tumours are found to be 
malignant. In the case presented it was 
only after detailed study of the final 
sections that the malignant nature of 
the tumour was determined. Mitotic ac­
tivity, which was absent in the main 
body of the tumour, was readily iden­
tified in the peripheral “ seedlings” . The 
importance of determining the malig­
nant nature and instituting appropriate 
treatment of a given lesion is empha­
sized by the high rate of recurrence as­
sociated with local excision.
Clinical Presentation
Most of these tumours are located
near the anorectal junction. The symp­
toms and findings are those of any tu­
mour in this location and vary with the 
extent of the growth and the presence 
or absence of ulceration. In the reported 
case, the growth was of moderate size 
and there was no ulceration. The patient 
complained of “ something in her pas­
sage” . The well-circumscribed nature 
of the lesion and the intact overlying 
mucosa suggested that this was no or­
dinary adenocarcinoma. As in most re­
ported cases, diagnosis had to await 
biopsy.
Surgical Management
When leiomyosarcoma of the rectum 
has been diagnosed, it is the respon­
sibility of the surgeon to choose the ap­
propriate treatment. Broadly, the cases 
in the literature seem to fall into three 
main groups: (1) Favourable lesions—  
these are well circumscribed and usually
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of low-grade malignancy (Grades I or 
II). (2) Unfavourable lesions—these 
are usually bulky infiltrative lesions of 
a higher grade of malignancy (Grades 
III or IV). (3) Incurable lesions— so 
classified because they have extended 
widely locally or are associated with dis­
tant metastases.
Of these groups only the first (to 
which the reported case belongs) seems 
to have any prospect for cure.
Treatment modalities which have 
been employed include: (1) local ex­
cision, (2) radiotherapy, (3) cryothera­
py, and (4) radical excision (abdomino­
perineal resection).
Local excision has received some sup­
port in the literature especially when 
the lesion is small and well localized.2,3 
Recent literature has emphasized the 
high incidence of recurrence, and the 
present trend is towards radical re­
moval of the resectable lesions. Radio­
therapy has received very little support4 
and it is generally accepted that it is not 
useful for this condition. Cryotherapy 
has been employed once for an inoper­
able lesion with apparently good pallia­
tion.5 As noted above, the present trend 
is to undertake radical removal of leio­
myosarcoma of the rectum. As most of 
these lesions are located near the ano­
rectal junction, this entails an ab­
dominoperineal resection with a perma­
nent colostomy. No matter what method 
of treatment has been employed the 
salvage rate is poor.69 Although 20% 
may survive five years, one-half of 
these die of late recurrence, giving a 
cure rate of only 10% to 15%. The pos­
sibility for salvage seems best in the 
small circumscribed lesion removed by 
a radical resection as is reported in the 
present case.
C o n c l u s io n s
A case of leiomyosarcoma of the rec­
tum is added to the few (just over 100) 
reported in the literature. Treatment 
was by abdominoperineal resection.
Pathological diagnosis of this tumour 
as opposed to leiomyoma is critical and 
depends largely on the presence of mi­
toses.
Because of the poor prognosis the ap­
plication of radical surgical measures is 
recommended when these are feasible.
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R e s u m e
Les auteurs presentent un nouveau cas d’une 
tumeur rarement observee, soit un leiomyosar- 
come du rectum. Chez une femme de 65 ans, 
ils avaient decouvert une masse dans le muscle 
lisse, situee en position anterieure dans le tiers 
inferieur du rectum. La biopsie revela une tu­
meur du muscle lisse et la presence de mitose 
permit d’etablir son caractere malm. La lesion 
fut consideree comme pouvant etre resequee, 
etant donne qu’elle etait nettement localisee, 
bien differenciee et situee a un endroit qui 
permettait une resection large. On proeeda 
done a la resection par voie abdomino-perineale 
de la region ano-rectale, y compris une grande 
partie du vagin.
La guerison s’est effectuee rapidement et 
la malade etait encore bien pres d’un an apres 
l’operation. La possibility de guerison radicale 
de cette lesion n’est que de 10% a 15%, mais il 
faut tenir compte que, dans de nombreux cas, 
quand la tumeur est decouverte, elle se pre­
sente moins favorablement que dans le cas 
present.
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All communications concerning this journal 
should be maxked “The Canadian Journal of 
Surgery” and addressed to the Editor, P.O. 
Box 8650 Ottawa, Ontario K1G 0G8.
The Journal is published bi-monthly. Sub­
scription is $15 per year ($7.50 per year for 
trainees in surgery), and starts with the Janu­
ary issue of each year. Single copies are $2.50 
each, payable in advance.
INSTRUCTIONS TO CONTRIBUTORS
Manuscripts
Manuscripts in duplicate of original articles, 
case reports, and other contributions should 
be forwarded with a covering letter re­
questing consideration for publication in 
The Canadian Journal of Surgery. Accept­
ance is subject to the understanding that 
they are submitted solely to this Journal, 
and will not be reprinted without the con­
sent of the author and the publishers. Ac­
ceptance or rejection of contributors will be 
determined by the Editorial Board. As 
space is available, a limited number of case 
reports will be published. Articles should 
be typed on one side only of unruled paper, 
double-spaced, and with wide margins. The 
author should always retain a carbon copy 
of material submitted. Every article should 
contain a summary of the contents. The 
Concise Oxford Dictionary will be followed 
for spelling. Dorland’s Illustrated Medical 
Dictionary will be followed for scientific 
terminology. The Editorial Board reserves 
the right to make the usual editorial changes 
in manuscripts, including such changes as 
are necessary to ensure correctness of gram­
mar and spelling, clarification of obscurities 
or conformity with the style of The Cana­
dian Journal of Surgery. In no case will 
major changes be made without prior con­
sultation with the author. Authors will 
receive galley proofs of articles before pub­
lication, and are asked to confine altera­
tions of such proofs to a minimum.
Reprints
Reprints may be ordered on a form which 
will be supplied with galley proofs. It is 
important to order these before publication 
of the article, otherwise an extra charge 
for additional type-setting will be made.
References
References should be referred to by numer­
als in the text. They should include in 
order: the author’s name and initials in capi­
tals, title of the article, abbreviated journal 
name, volume number, page number and 
year. The abbreviations of journal names 
should be those used in Index Medicus. 
References to books should include in order: 
author’s name and initials, title of book, 
number of edition (e.g. second ed.), city 
of publication, title of publishing house, 
year of publication, page number if a 
specific reference. For examples, see this 
journal January 1971 issue onwards.
Illustrations
A reasonable number of black-and-white 
illustrations will be reproduced free with 
the articles. Colour work can l3e published 
only at the author’s expense. Photographs 
should be glossy prints, unmounted and 
untrimmed, preferably not larger than 8" 
x 6". Prints of, radiographs are required 
and not the originals. The magnification of 
photomicrographs must always be given. 
Photographs must not be written on or 
typed on. An identifying legend may be 
attached to the back. Patients must not be 
recognizable in illustrations, ur less the 
written consent of the subject for publica­
tion has been obtained. Graphs and dia­
grams should be drawn in India ink on 
suitable white paper. Lettering should be 
sufficiently large that after reduction to 
fit the size of the Journal page it can still 
be read. Legends to all illustrations should 
be typed separately from the text and sub­
mitted on a separate sheet of paper. Illustra­
tions should not be rolled or folded.
Language
It should be clearly understood that con­
tributors are at full liberty to submit articles 
in either English or French, as they please. 
Acceptance will be quite independent of 
the language of submission. If the contri­
butor wishes, he may submit an informative 
summary of not more than 300 words in 
the language other than that in which he has 
submitted the article. For example, an ar­
ticle in English must carry an English sum­
mary and may, if the author wishes, carry 
a more detailed summary in French.
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Box 8650, Ottawa, Ontario K1G 0G8.
Le journal est publie a tous les deux mois. 
Le prix de l’abonnement est de $15. par an 
($7.50 par an pour les medecins qui sont resi­
dents en chirurgie) et commence avec le nu- 
mero de janvier de chaque annee. Un exem- 
plaire isole coute $2.50 et est payable d’avance.
INSTRUCTIONS A NOS 
COLLABORATEURS
Manmcrits
Les manuscrits d’articles originaux, de rap­
ports cliniques etc. seront envoyes en deux 
exemplaires, accompagnes d’une lettre deman­
dant qu’on veuille bien considerer leur publica­
tion dans L e journal canadien d e  chirurgie. Ils 
ne seront acceptes qu’a la condition qu’ils 
n’aient ete soumis qu’a notre Journal et qu’ils 
ne soient pas reimprimes sans le consentement 
expres de l’editeur et l’auteur. L’acceptation 
ou le refus des articles soumis releve du Con- 
seil de la publication. Si la place est disponible, 
un nombre limite d’histoires cliniques pourront 
etre publiees. Les articles seront dactylographies 
sur un seul cote d’un papier non ligne, a dou­
ble espace et avec une large marge. L’auteur 
devra toujours conserver une copie au papier 
carbone du texte soumis. Tout article devra 
etre accompagne d’un resume. L ’orthographe 
sera celle adoptee par le dictionnaire Larousse. 
Quant a la terminologie scientifique, elle sera 
basee sur le Dictionnaire des termes techniques 
de medecine ou tout autre ouvrage de refe­
rence serieux. Le Conseil de la publication se 
reserve le droit d’apporter au texte les change- 
ments qu’il jugerait a propos pour assurer la 
correction grammaticale et l’orthographe, pour 
eliminer d’eventuelles obscurites ou pour ren- 
dre la presentation conforme au style du Jour­
nal canadien d e  chirurgie. Aucun changement 
important ne sera apporte au texte sans que 
l’auteur ait ete prealablement consulte. Les 
auteurs recevront avant la publication des 
epreuves d’imprimerie de leur texte, auxquelles 
ils sont pries d’apporter le minimum de correc­
tions.
Tires-a-part
On pourra commander des tires-a-part sur 
une formule qui est envoyee avec les epreuves. 
II est important de les commander avant la 
publication de l’article, sous peine de devoir 
payer un supplement pour une nouvelle com­
position.
Bibliographic
Les references bibliographiques seront indi- 
quees par des numeros dans le corps du texte. 
Elies comprendront dans l’ordre: le nom de 
l’auteur et ses initiales, en majuscules, le titre 
abrege du Journal, le numero du volume, le 
numero de la page et l’annee. Les abreviations 
admises pour les noms de revues sont celles qui 
figurent dans I’index Medians. Les renvois aux 
livres comprendront dans l’ordre: le nom de 
l’auteur, ses initiales, le titre de l’ouvrage, le 
numero de l’edition (p. ex. deuxieme ed.), la 
ville et le nom de la maison d’edition, et 
l’annee de la publication; enfin, le numero de 
la page s’il s’agit d’un renvoi precis. Pour 
exemples, voyez Tissue de janvier 1971 et ceux 
a venir.
Illustrations
Le journal accepte de publier gratuitement 
un nombre raisonnable d’illustrations en noir 
et blanc. Les reproductions de cliches en cou- 
leurs seront publies aux frais de l’auteur. Les 
photographies seront imprimees sur papier bril- 
lant, ne seront ni montees ni calibrees et d’un 
format maximum de 6" x 8". En ce qui con- 
cerne les radiographies, nous demandons des 
copies et non pas I’original. On devra toujours 
fournir un agrandissement de microphotogra­
phies. 11 ne faut jamais ecrire ou dactylogra- 
phier un texte quelconque sur les photogra­
phies. Une legende les identifiant pourra etre 
jointe au dos. Dans les illustrations montrant 
des malades, ceux-ci ne pourront etre reconnus, 
a moins qu’ils n’en aient donne le consentement 
ecrit prealablement a la publication. Les gra- 
phiques et diagrammes seront dessines a l’en- 
cre de Chine sur un bon papier a dessin blanc. 
Le lettrage devra etre ecrit en caracteres assez 
grands pour que, apres reduction proportion- 
nelle au format du Journal, ils soient encore 
lisibles. Les legendes devant accompagner les 
illustrations seront dactylographies sur une 
feuille independante du texte. Les illustrations 
ne seront ni roulees ni pliees.
Langue vehiculaire
II doit etre clairement etabli que les colla- 
borateurs ont pleine liberte de soumettre leurs 
articles en frangais ou en anglais, a leur choix. 
L ’acceptation de Tarticle sera entierement inde­
pendante de la langue choisie par l’auteur. Si 
le collaborateur le desire, il peut decrire le 
contenu de Tarticle en un sommaire ne depas- 
sant pas 300 mots et dans une langue differente 
de la langue choisie pour Tarticle lui-meme. 
Par exemple, un article ecrit en frangais doit 
comporter un resume en frangais et peut, si 
l’auteur le desire, etre accompagne d’un som­
maire plus detaille en anglais.
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ATLAS OF THE HISTOLOGY OF BRAIN
TUMORS. Klaus J. Ziilch. 261 pp. Illust.
Springer-Verlag, New York, 1971. $22.60.
Anyone who is familiar with the writings 
of Professor K. J. Ziilch knows that his 
previous publications embody a vast 
amount of personal experience in brain 
tumours. In this new publication he has 
attempted to present a pictorial approach 
to the detailed morphology of nervous sys­
tem “tumours” and to create a detailed 
“central atlas” to serve as an adjunct both 
to the classification of the International 
Union Against Cancer (U.I.C.C.) and to his 
previous publications on this subject.
It is doubtful if pathology trainees could 
use this atlas, even in conjunction with 
simpler texts, until they acquired some 
facility in the diagnosis of brain tumours. 
Its greatest attraction would be to those 
pathologists actively handling nervous 
system tumours, who might want to pursue 
the subtler aspects of the classification of 
glial tumours—an area that is treated 
in the greatest detail and takes up over 
half of the atlas.
A few photomicrographs are of too low 
a magnification, and the silver staining 
techniques are difficult to perform in a 
busy service laboratory.
Professor Ziilch recognizes the defect of 
many pathological approaches to tumour 
classification—they disregard prognosis 
and thus handicap anyone attempting to 
understand tumour biology. The introduc­
tion gives a somewhat simplified grouping 
of survival times, but also emphasizes that 
any “microscopic classification” must also 
be considered in the light of the “clinical 
classification” .
The atlas is well laid out, but the pho­
tomicrographs are poorly presented. The 
author could have presented more detail 
if these were enlarged to occupy most of 
the page. The atlas may fall short of its 
aim to fulfil everyday needs, because the 
explanatory text is very abbreviated; 
nevertheless, since this text is in six 
languages, it may help to standardize the 
nomenclature of nervous system tumours 
throughout the world.
BASIC PRACTICAL SURGERY. C. Barrie 
Williams. 180 pp. Illust. John Wright & 
Sons Ltd.. Bristol; The Macmillan Com­
pany of Canada Limited, Toronto, 1971. 
$5.75. Paperbound.
This paperback of 171 pages is directed 
primarily to surgical house officers early 
in their training.
The contents are divided into seven 
chapters titled: “ Ligatures and Sutures” , 
“ Instruments” , “ Catheters and Bougies, 
etc.” , “Wound Drainage and Drains” , 
“Wound Infection and Its Prevention” , 
“ Hemostasis” , and lastly “Wound Heal­
ing” .
The descriptions are clear and the ma­
terial presented is that which many junior 
house officers could find only after per­
usal of many different sources. Thus, this 
pocket-sized manual is a ready reference 
for practical management and it explains 
many of the precautions taken in the total 
care and handling of surgical patients.
The monograph could be improved in 
several areas. In discussing the various 
types of surgical instruments the cover­
age is inadequate, i.e. there is no descrip­
tion of the principles utilized in vascular 
clamps. Also the Senstaken Blakemore 
tube is not mentioned or described, 
although the Miller Abbott and Cantor 
tubes are presented. In discussing drains 
and wound drainage, the author gives in­
adequate space to thoracic problems. 
Nevertheless, this manual emphasizes and 
describes certain highlights in surgical 
care and management.
DEXTRANS. Current Concepts of Basic 
Actions and Clinical Applications. 
Edited by John R. Derrick and M. 
Mason Guest. 222 pp. Illust. Charles C 
Thomas, Publisher, Springfield, 111.; 
McGraw-Hill Company of Canada, To­
ronto, 1971. $17.75.
This tidy little volume contains the pro­
ceedings of the First International Sym­
posium on Dextrans held in May 1968. The 
subtitle “ Current Concepts of Basic Ac­
tions and Clinical Applications” suggests 
a thorough discussion of the mechanisms 
of the action of the various dextrans, re­
ports on clinical investigations with dex­
trans, and of controlled clinical studies. 
In this the reader will be disappointed. 
Only one chapter is devoted to pharma­
cologic considerations, and the question 
of the effect of dextrans on blood vis­
cosity and comparison with other plasma 
expanders is dealt with in 10 pages. The 
latter chapter, written by the late Magnus 
Gregerson, is the best part of the book. 
Other chapters deal with specific effects 
of low-molecular-weight dextrans, interac­
tion of dextrans with blood constituents, 
the effect of various dextran fractions on 
hemostasis and clinical reports dealing 
with renal hemodynamics, shock, battle
(Continued on Adv. p. 28)
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Irrigating 
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♦Trade Mark
The highest rates of urinary infection are found following in­
dwelling catheterization.1-9 In most cases, post-op patients 
are abacteriuric. It makes good sense to keep them that way 
when they must be maintained with indwelling catheteriza­
tion.' Neosporin'Irrigating Solution used as a continuous 
bladder irrigant helps to prevent bacteriuria and Gram­
negative rod bacteremia. Systemic absorption is negligible 
and local irritation is rarely caused.
Burroughs Wellcome & Co. (Canada) Ltd.
Description: Each one cc. ampoule contains Neomycin Sulphate equivalent to Neomycin base . . .  40 mg.. Polymyxin B Sulphate...  
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casualties and ischemic states. Some of 
these contributions are written in the 
“ How I do it” style without references. 
Throughout the book, none of these topics 
is considered in depth.
FUNDAMENTAL SKILLS IN SURGERY. 
2nd ed. Thomas F. Nealon, Jr. 327 pp. 
Illust. W. B. Saunders Company, Phila­
delphia; W. B. Saunders Company Can­
ada Limited, Toronto, 1971. $12.10.
This delightful little book presents in 
“core” form the data every young resi­
dent and, indeed, many older practitioners 
often require on short notice. There are 
excellent illustrations of the techniques of 
knot tying, wound dressing, and suturing. 
Similar information is available for in­
tubations, other minor surgical pro­
cedures, and the fundamental order of 
priorities in managing the seriously ill 
patient.
This new edition carries a section on 
ventilatory support, and hyperalimenta­
tion, in addition to practical, up-to-the- 
minute information on fluid and electro­
lyte therapy and resuscitation.
This book can confidently be re­
commended to residents when they begin 
training. It should be in every emergency 
department.
N. T. McPhedran
University of Calgary,
Calgary, Alta.
MANUAL OF PREOPERATIVE AND  
POSTOPERATIVE CARE. 2nd ed. Com­
mittee on Pre and Postoperative Care, 
American College of Surgeons. Editorial 
Subcommittee: J. M. Kinney, R. H. 
Egdahl and G. D. Zuidema. 644 pp. Il­
lust. W. B. Saunders Company, Phila- 
dephia; W . B. Saunders Company Can­
ada Limited, Toronto, 1971. $11.35.
The second edition of the manual prepared 
by the Committee on Pre and Postopera­
tive Care of the American College of Sur­
geons has been brought up to date. It 
covers in depth current knowledge and ap­
proaches to problems in the preoperative 
and postoperative management of the sur­
gical patient.
The book is divided into two sections 
comprising 625 pages. Part I covers gen­
eral principles in wound healing, con­
valescence, fluid and electrolyte therapy, 
surgical nutrition—parenteral and oral, 
infection, blood transfusion, hemorrhagic 
disorders, ventilation, circulation and car-
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diac failure, shock, renal function and 
renal failure, transplantation and special 
problems in infants and children. Part II 
is oriented towards the surgical care of 
organs and systems. The chapters cover 
systematically the organ systems in clear 
and concise fashion. This section also 
covers multiple injuries and the care of 
the burned patient. An appendix contains 
listings of laboratory values and specific 
tests used in evaluating various organ 
systems-
This treatise is highly recommended for 
students, house officers and practising 
surgeons.
SHANDS’ HANDBOOK OF ORTHOPAE­
DIC SURGERY. 8th ed. of Handbook of 
Orthopaedic Surgery. R. Beverly Raney, 
Sr. and H. Robert Brashear, Jr. 543 pp. 
Illust. The C. V. Mosby Company, St. 
Louis, 1971. $16.30.
The eighth edition of this handbook, 
which honours A. R. Shands its original 
author in 1937, has changed title, author­
ship and content. As stated by the editors, 
the handbook has as its primary objective 
the presentation of fundamental facts and 
principles of orthopedic surgery concisely 
but in sufficient detail to afford a well- 
rounded knowledge of the subject.
In a number of revisions in various 
chapters, the new authors have covered 
pertinent, reliable and newer aspects of 
orthopedic surgery. Chapters that merit 
particular praise are those on “Neuromus­
cular Affections”, “ Fracture Principles 
and Fracture Healing” and “Amputa­
tions, Prosthetics and Braces” . The il­
lustrations and bibliography are both ex­
cellent.
The book is better organized than 
earlier editions and continues to be easy 
reading. It is ideal for students in medi­
cine, occupational therapy and physical 
therapy. Intei-ns and residents in orthope­
dic surgery can use this book as a basic 
text. The practising physician who has no 
training in orthopedic surgery will find 
this text a rapid source of information in 
musculoskeletal problems.
THE SURGICAL CONTROL OF BEHA­
VIOR. A Symposium. Edited by Arthur 
Winter. 90 pp. Illust. Charles C Thomas, 
Publisher, Springfield, 111.; McGraw- 
Hill Company of Canada, Toronto, 1971. 
$9.50.
Frontal lobotomy was introduced in the 
1930s and continued during the 1940s to 
treat severe psychiatric conditions. In 
what is now sometimes called the lobotomy 
era, large numbers of patients were treated
no-breakthrough...
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in many parts of the world. A high inci­
dence of mental confusion and apathy in 
these patients eventually prompted neuro­
surgeons to modify the procedure but it 
was too late. Psychiatrists, disturbed by 
the lack of evidence that the operation 
was of any overall benefit except in in­
dividual cases, withdrew and psychosur­
gery went into an eclipse. The first round 
of psychosurgery was characterized by 
poorly controlled therapeutic trials. Cases 
were not carefully selected as to diagnosis, 
lesions were made grossly and clinical- 
pathological studies were seldom under­
taken.
Dr. Winters’ monograph consists of a 
series of presentations by different doc­
tors- Except for an excellent chapter by 
Brazier who describes electrophysiologic 
studies undertaken to select patients for 
the surgical treatment of temporal lobe 
epilepsy, the book resembles publications 
issued during the lobotomy era. Cases are 
reported as anecdotes used to support any 
impression the author might hold. The 
main stream of current psychosurgical re­
search involving systematic stereotaxic 
explorations of the limbic lobe with elec­
trical, chemical and pharmacologic tech­
niques is largely bypassed. In its place, 
the book offers a discussion of scattered 
physiologic findings and modified versions 
of the frontal lobotomy.
The advent of stereotaxic surgery and 
modern clinical neurophysiology and psy­
chology again offers the neurosurgeon an 
opportunity to help in the treatment of 
some patients with mental disorders. A 
cautious, highly scientific approach is now 
required and this cause is not well served 
by this book.
TRANSPLANTATION TODAY. Proceed­
ings of the Third International Con­
gress of the Transplantation Society, 
September 7-11, 1970, The Hague, The 
Netherlands. Edited by Hans Balner, 
D. W . van Bekkum and Felix T. Rapa- 
port. 978 pp. Illust. Grune & Stratton, 
Inc., New York; Longman Canada Lim­
ited, Toronto, 1971. $28.75.
This text, dedicated to Sir Peter Medawar, 
contains the proceedings of the Third 
International Congress of the Transplanta­
tion Society held in the Hague in Sep­
tember 1970. A total of 247 papers are 
presented, as well as perspectives for 
the future by J. J. van Rood and col­
leagues on Eurotransplant, by Fritz Bach 
et al. on the mixed leukocyte culture, by 
H. Balner on immunosuppression, by N. A. 
Mitchison on immunologic tolerance, and 
by Paul Russell on immunologic enhance­
ment.
(Continued on Adv. p. 32)
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The reports included in this text are of a particularly high order. Some high­lights include several papers showing that passenger leukocytes present in skin, kid­ney or heart grafts can be potent in­ducers of homograft immunity. The gene­tics of the HL-A system was considered and over 90% of possible alleles have been defined. Certain HL-A types have been associated with childhood leukemia and Hodgkin’s disease. Of the many pa­pers concerned with enhancement, one by Dr. I. Hellstrom showed that most human kidney-graft recipients who were doing well had enhancing antibody, while those who were not, did not. Even more im­portant, she demonstrated that patients with malignant melanoma, neuroblastoma, breast carcinoma or seminoma did have killer cells capable of destroying their own tumour, but these cells were pre­vented from acting by a blocking serum factor, probably enhancing antibody.Immunosuppression and clinical trans­plantation are also considered in a num­ber of excellent papers.This is a convenient reference to an im­portant group of papers and will interest physicians and other scientists involved in transplantation or tumour immunology.
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